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METHOD AIMD APPARATUS FOR RADIAL EXPANSION AND/OR COUPLING 

Background of the Inventioii 

This invention relates generally to tubular members, For convenience, the 
invention will be described wiih reference to wellbore casings that arc foimed using 
expandable tubing. However, it will be appreciated that the invention may be applied to 
other tubular members, such as pipelines and structural supports. 

Conventionally, when a wellbore is created, a number of casings arc installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid from the foimation into Ac borehole* 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of Ae lower interval is of smaller 
diameter than the casing of the upper interval. Thus, the casings are in a nested 
anangement with casing diameters decreasing in downward direction. Cement annul! are 
provided between the outer surfaces of the casings and the borehole wall to seal the casings 
from the borehole wall. As a consequence of this nested anangement a relatively large 
borehole diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large drill bits 
and increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling lig 
time is involved due to required cement pumping, cement hardening, required equipment 
changes due to large variations In hole diameters drilled in the course of the well, and the 
large volume of cuttings drilled and removed. 

The present invention is directed to alleviating one or more of the limitations of the 
existing procedures for forming wellbores and other tubular members. 
Summary of the Invention 

According to one aspect of the invention, an apparatus for plastically deforming 
and radially expanding a tubular roemlwr is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically deforming and radially expanding a second portion of 
the tubular member to a second outside diameter. The means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter may 



be tangible, elastic or inflatable, or it may include rolling means for applying radial 
pressure to the fiist portion of the tubular member. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 

5 support member including a first fluid passage, an expansion cone coupled to the tubular 
support member having a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an annular expansion cone launcher coupled to the 
conical sleeve and a lower portion of the tubular member, and a shoe having a vaWeable 

1 0 passage coupled to an end of the expansion cone launcher. The conical sleeve may be, for 
example, frangible, elastic or comprised of a plurality of arcuate elemenls. 

According to another aspect of the present invention, a method of plastically 
defomiing and radially expanding a nibular member is provided that includes plastically 
defonning and radially expanding a portion of the tubular member to a first outside 

1 5 diameter, and plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. In one embodiment, plastically defonning and 
radially expanding the first portion of 1he first tubular member comprises applying a radial 
force to the portion of the tubular member using a conical sleeve. The conical sleeve may 
be, for example, frangible, elastic or comprised of a plurality of arcuate elements. In 

20 another embodiment, plastically defomiing and radially expanding the first portion of the 
first hibular member comprises applying a radial force to the first portion of the first 
tubular member using an inflatable bladder or using a roller expansion device* 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically deforming 

2S and radially expanding a first portion of the first tubular member to a first outside 

diameter, astically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside the 
first tubular member in overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a third outside 

30 diameter, and plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. The first 
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outside diameter may be greater than the second outside diametsr. In one embodiment, 
plastically deforming and radially expanding the first portion of the first tubular member 
oompriaes applying a radial force to the pordon of the tubular member using a conical 
sleeve. The conical sleeve may be, for example, frangible, elastic or comprised of a 
plurality of arcuate elements. In another embodiment, plastically dcfonning and radially 
expanding the first portion of the first tubular member comprises applying a radial force to 
the first portion of the first tubular member using an inflatable bladder or using a roller 
expansion device* 

According to another aspect of the present invention, an apparatus for coupling a 
fu-st tubular member Co a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside the furst tubular member in overlapping relation to the first 
portion of the first tubular member, means for plastically deforming and radially expanding 
the second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and radial 
expansions arc substantially equal. The first outside diameter may be greater than the 
second outside diameter. In one embodiment, the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, the means for plastically deforming and radially 
expandii^ the first portion of the first tubular member comprises means for applying a 
radial force to the fu^st portion of the first tubular member using an inflatable bladder or 
using a roller expansion device. 

According to another aspect of the present invention, an apparatus for forming a 
wcllbore casing within a w^cllbore is provided that includes means for supporting a tubular 
member within the wellbore, means for plastically defbiming and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
deforming and radially expanding a second portion of the tubular member to a second 



outside diameter. The means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter may be frangible, clastic or 
inflauble, or it may include rolling means for applying radial pressure to the first portion 
of the tubular member. 

5 According to another aspect of the present invention, an apparatus for forming a 

wellbore casing within a wcllborc is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support member 
having a second fluid paswgc fluidicly coupled to the first fluid passage and an outer 
conical surface, a removable annular conical sleeve coupled to the outer conical surface of 

10 the expansion cone, an annular expansion cone launcher coupled to the conical sleeve and 
a lower portion of the nibular member, and a shoe having a valveable passage coupled to 
an end of the expansion cone launcher. The conical sleeve may be, for example, frangible, 
elastic or comprised of a plurality of arcuate elements. 

According to another aspect of the present Invention, a method of forming a 

1 5 wellbore caang within a wdlborc is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of die tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
another portion of the tubular member to a second outside diameter. In one embodiment, 
plastically dcformuig and radially expanding the first portion of the first tubular member 

20 comprises applying a radial force to the portion of the tubular member using a conical 
sleeve. The conical sleeve may be, for example, fiangibic, elastic or comprised of a 
plurality of arcuate elements. In another embodiment, plastically deforming and radially 
expanding the first portion of the first tubular member comprises applying a radial force to 
the fiist portion of the first tubular member using an inQatable bladder or using a roller 

25 expansion device. 

According to another aspect of the present invention, a method of fonming a mono- 
diameter wcllborc casing within a wellbore is provided that includes supporting a first 
tubular member within the wellbore, plastically deforming and radially expanding a first 
portion of tlw first tubular member to a first outside diameter, plastically deforming and 

30 radially expanding another porUon of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 



and ladially expanding the second tubular member to a Aiid outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter The inade diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. The first outside 
diameter may be greater than the second outside diameter. In one embodiment, plastically 
deforming and radially expanding the first portion of the first tubular member comprises 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may bc> for example* frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, plastically deforming and radially expanding the first 
portion of the first tubular member comprises applying a radial force to the first portion of 
the first tubular member using an inflatable bladder or using a roller expansion device. 
The method may further comprise injecting an annular body of a hardenable fluidic sealing 
material into an annulus between the first tubular member and the wellbore and/or between 
the second tubular member and the Vi^llbore. The annular body or bodies may be cured. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside tlie first tubular member in overlapping relation to the first 
portion of the first tubular member, means for plastically deforming and radially expanding 
the second tubular member to a third outside diameter^ and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. The first outside diameter may be greater than the 
second outside diameter. In one embodiment^ the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member comprises means for applying a 
radial force to the first portion of the first tubular member using an inflatable bladder or 



using a roller expansion device. The apparatus may further comprise means for injecting 
an annular body of a hardenable fluidic scaling material into an annuhis between the first 
O tubular member and the wellbore and/br between the second tubular member and the 

^ wellbore. Such apparatus may further comprise means for curing the annular body of 

5 hardenable fluidic sealing material. 

According to another aspect of the present invention, an apparatus for plastically 
^ deforming and radially expanding a tubular member is provided that includes means for 

providing a lipped portion in a portion of the tubular member, and means for plastically 
deforming and radially expanding another portion of the tubular member. 
^ 1 0 According to another aspect of the present invention, an apparatus for plastically 

deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the tubular 
support member having a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical surface, an annular expansion cone launcher including: a first annular 
I S portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a tiiird annular portion coupled to the second annular portion having a first 
outside diameter, and a fourth annular portion coupled to the third annular portion having a 
second outside diameter, wherein the second outside diameter is less than the first outside 
20 diameter, and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes providing a 
lipped portion in a portion of the tubular member, and plastically deforming and radially 
25 expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes providing a lipped 
portion in a portion of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning the second nibular 
30 member inside the first tubular member in overlapping relation to the lipped portion of the 
first tubular member, and plastically defomiing and radially expanding the second tubular 
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member The inside diameters of the first and second tubular members after the plastic 
defomiations and radial expansions axe substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the lipped 
portion of the first tubular member, and means for plastically defaming and radially 
expanding the second tubular memben The inside diameters of the first and second tubular 
members aiier the plastic defomiations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for fonning a 
weLlbore casing vrithin a wellbore is provided that includes means for supporting a tubular 
member within the wellbore, means for providing a lipped portion in the tubular member^ 
and means for plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing vwthin a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support member 
having a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface, an annular expansion cone launcher including; a first armular portion 
coupled to a lower portion of the tubular member, a second aimular portion coupled to the 
first annular portion that mates wth the outer conical surface of the expansion cone, a third 
annular portion coupled to the second annular pordon having a first outside diameter, and a 
fourth annular portion coupled to die third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, and a 
shoe having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 

According to another aspect of die present invention, a method of fonning a 
wellbore casing in a wellbore is provided that includes supporting a tubular member within 
the wellbore, providing a lipped portion in a portion of the tubular member, and plastically 
deforming and radially expanding another portion of the tubular member. The method 



may further comprise injecting a hardenablc fluidic scaling material in an annuhis between 
the tubular member and the welibore. 

According to another aspect of the present invention, a method of forming a mono- 
diameter wllborc casing within a wellborc is provided that includes supporting a first 
tubular member vrfthin the wellborc, providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and plastically 
dcfomiing and radially expanding the second tubular member. The inside diameters of the 
fiist and second tubular members after the plastic deformations and radial expansions arc 
substantially equal. The method may further comprise injecting a hardenable fluidic 
scaling material in an annuUis between the first tubular member and the wcllbore and/or 
between the second tubular member and the wcllbore. The fluidic sealing material may be 
cured. 

According to another aspect of the present invention, an apparatus for forming a 
mono-diamcter wcllbore casing widiin a wellborc is provided that includes means for 
providing a lipped portion in die first tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in ovcriapping relation to the lipped 
portion of the first tubular member, and means for plastically deforming and radially 
expanding the second tubular member. The inside diameters of the first and second tubular 
members after die plastic deformations and radial expansions are substantially equal. The 
apparatus may further comprise means for injecting a hardenable fluidic sealing material in 
an annulus between the first tubular member and the wellborc and/or between the second 
nibular member and the wellboic. Such apparatus may fiirther comprise means for curing 
the fluidic sealing material. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that Includes means for 
plastically deforming and radially expanding a first end of the mbular member, and means 
for plastically deforming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, an apparattis for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 



in 



support member inchiding a first passage, m expansion cone coupled to the tubular 
support having a second passage fluidicly coupled to the first passage and an outer conical 
O surface, an annular expansion cone launcher movably coupled to outer conical surface of 

^ the expansion cone, an expandable tubular member coupled to an end of the annular 

5 expansion cone launcher, a shoe coupled to another end of the annular expansion cone 
g launcher having a valvcablc fluid passage, and another annular expansion cone movably 

^ coupled to the tubular support member. The annular expansion cones arc positioned in 

^ opposite orientations. In one embodiment, the annular expansion cone is adapted to 
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plastically deform and radially expand a first end of the expandable tubular member and 
1 0 the other annular expansion cone is adapted to plastically deform and radially expand a 
second end of the expandable tubular member. The apparatus may further comprise an 
anchoring member coupled to the tubular support member adapted to hold the expandable 
tubular. 

According to another aspect of the present invention, an apparatus for forming a 

1 S weilbore casing within a wellbore is provided that includes a tubular support member 

including a first passage, an expansion cone coupled to the tubular support having a second 
passage fluidicly coupled to the first passage and an outer conical surface, an annular 
expansion cone launcher movably coupled to outer conical surface of the expansion cone, 
an expandable tubular member coupled to an end of the annular expansion cone launcher, a 

20 shoe coupled to another end of the annular expansion cone launcher having a valveable 
fluid passage, and another annular expansion cone movably coupled to the tubular support 
member. The annular expansion cones are positioned in opposite orientations. In one 
embodiment, the annular expansion cone is adapted to plastically deform and radially 
expand a first end of the expandable tubular member and the other annular expansion cone 

25 is adapted to plastically deform and radially expand a second end of the expandable tubular 
member The apparatus may further comprise an anchoring member coupled to the tubular 
support member adapted to hold the expandable tubular. 

According to another aspect of the present invention, an apparatus for bridging an 
axial gap betwcai opposing pairs of wellbore casing within a wellbore is provided that 

30 includes means for supporting a nibular meniber In overlapping relation to the opposing 
ends of the wellbore casings, means for ptastically deforming and radially expanding the 
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tubular member, and means for plastically deforming and radially expanding the tubular 
member and the opposing ends of the wellbore casings. 

According to another aspect of the present invention^ a method of bridging an axial 
gap between opposing pairs of wellbore casing within a wellbore ia provided that includes 
supporting a tubular member in overlapping relation to the opposing ends of the wellbore 
casings, plastically deforming and radially expanding the tubular member, and plastically 
deforming and radially expanding the tubular member and the opposing ends of the 
wellbore casings. 

According to another aspect of the present invention, a method of forming a 
structure having desired t^ength characteristics is provided that includes providing a fu^t 
tubular member^ and plastically defonning and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved* 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore having desired strength characteristics is provided that 
includes plastically defonning and radially expanding a first tubular member vWthin the 
wellbore, and plastically deforming and radially expanding additional tubular members 
onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member, the first tubular member having an original 
outside diameter ODo and an original wall thickness Uu is provided that includes plastically 
deforming and radially expanding a fiist portion of the first tubular member to a fi nst 
outside diameter* plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 
equal, and the ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 1 6. 
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Accoriing to another aspect of the present invention, a n»ethod of forming 8 mono- 
diameter wellbore casing l» jwovided that Inchides positioning a first tubular member 
within a wellbore, the first tubular member having an original outside diameter ODo and «> 
original wall thickness t«, plastically dcfbimlng and radially expanding a fint portion of 
the first tubular member lo a first outside diameter, plasticaUy deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in overiapping 
relation to Ac first portion of the first tubular member, plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and plastically 
deforming and radially expanding the second tubular member to a fourth outside diameter. 
The inside diameters of the first and second mbulax members after the plastic deformations 
and radial expansions are substantially equal, and the ratio of the original outside diameter 
Ol>o of the first tubular member to the original wall thickness to of the first tubular member 
is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided diat 
includes a plastically dcfbrawd and radially expanded tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter. The ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided d>at 
includes a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter, and a plasticaUy defonned and radially expanded second tubular member 
coupled to the first portion of the first tubular member. The raOo of the original outside 
diameter ODo of the first tubular member to the original wall thickness to of the first 
tubular member is greater than or equal to 16. In one embodiment, the inside diameters of 
the first and second tubular members are substantially equal. 

According to another aspect of the present invention, a wellbore casing formed in a 
wellbore is provided that includes a plasUcally deformed and radially expanded first 
tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second mbular member coupled to the first portion of the first tubular member. 



The ratio of the origliuJ outside diameter ODo of the first tubular member to the original 
wall thiclcness to of the first tubular member is greater than or equal to 16. In one 
embodiment, the inside diametere of fte first and second tubular members are substantially 
equal. 

5 According to another aspect of the present Invention, an apparatus is provided thai 

includes a plastically deformed and radially expanded tubular member. The ratio of tiie 
original outside diameter ODo of the tubular member to the original wall tfiickness to of tiie 
tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention there is provided an apparatus 

1 0 for plastically deforming and radially expanding a tubular member, comprising: means for 
ccuplbg a first expansion cone to a second expansion cone; means for plastically 
deforming and radially expanding a fint portion of flic tubular member to a first outside 
diameter using the first and second expansion cones; means for plastically deforming and 
radially expanding a second portion of flic tubular member to a second outside diameter 

1 5 using the second expansion cone; and means for decoupling die first and second expansion 
cones prior to plastically dcfonning and radially expanding flie second portion of flie 
tubular member to die second outside diameter; wherein die first outside diameter is 
greater than flic second outside diameter. 

According to another aspect of flic present invention flicre is provided a method of 
20 plastically deforming and radially expanding a tubular member, comprising: plastically 
deforming and radially expanding a portion of flie tubular member to a first outside 
diameter using a first expansion cone coupled to a second expansion cone; decoupling flic 
first and second expansion cones; and plastically deforming and radially expanding anoflier 
portion of flic tubular member to a second outside diameter using flic second expansion 
25 cone; wherein flie first outside diameter is greater tiian tiie second outside diameter. 

According to anoflicr aspect of flie present invention ttiere is provided a mefliod of 
coupling a first tubular member to a second tubular member, comprising: plastically 
deforming and radially expanding a first portion of flie first tubular member to a first 
outside diameter using a first expansion cone coupled to a second expansion cone; 
30 decoupling flie first and second expansion cones; plasticany deforming and radially 

expanding anoflier portion of the first tubular member to a second outside diameter using 
die second expansion cone; positioning flie second tubular member inside tfie first tubular 
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member in overlapping relation to the first portion of the first tubular member; plastically 
deforming and radially expanding the second tubular member to a third outside diameter; 
O and plastically deforming and radially expanding the second tubular member to a fourth 

^ outside di wneter; wherein the first outside diameter is greater than the second outside 

5 diameter; and wherein the inside cfiamcters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 
S According to another aspect of the present invention there is provided an apparatus 

^ for coupling a first tubular member to a second tubular member, comprising: means for 

^ plastically deforming and radially expanding a first portion of the first tubular member to a 

^ 1 0 fint outside diameter using a first expansion cone coupled to a second expansion cone; 

means for decoupling the first expansion con© from the second expansion cone; means for 
plastically deforroing and radially expanding another portion of the first tubular member to 
a second outside diameter using the second expansion cone; means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 
1 5 portion of the firet tubular member; means for plastically deforming and radially 

expanding the second tubular member to a third outside diameter, and means for plastically 
deforming and radially expanding the second tubular member to a fourth outside diameter; 
wherein the first outside diameter is greater than the second ouUidc diameter; and wherein 
the inside diameters of the first and second tubular members after the plastic deformations 
20 and radial expansions arc substantially equal. 

According to another aspect of the present invention there is provided an aRparatus 
for fonning a wcllbore casing within a wellbore, comprising: means for supporting a 
tubular member within the wellboie; means for plastically deforming and radially 
expanding a first portion of the tubular member to a first outside diameter using a first 
25 expansion cone coupled to a second expansion cone; means for decoupling the first and 
second expansion cones; and means for plastically deforming and radially expanding a 
second portion of the tubular member to a second outside diameter using the second 
expansion cone; wherein the first outside diameter is greater than the second outside 
diameter. 

30 According to another aspect of the present invention there is provided a method of 

forming a wcHborc casing within a wellbore, comprising: supporting a tubular incmbcr 
within a wellbore; plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
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expansion cone; decoupling the first and second expansion cones; and plastically 
deforming and radially expanding another portion of the tubular member to a second 
outside diameter using the second expansion cone; wherein the first outside diameter is 
greater than the second outside diameter. 

According to anc5ther aspect of the present invention there is provided a method of 
forming a mono-diameter wellbore casing within a wellbore, comprising: supporting a first 
tubular member within the wellbore; plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter using a first expansion cone 
coupled to a second expansion cone; decoupling the first and second expansion cones; 
plastically deforming and radially expanding another portion of the first tubular member to 
a second outside diameter using the second expansion cone; positioning the second tubular 
member inside the firet tubular member in overlapping relation to the firat portion of the 
first tubular member; plastically deforming and radially expanding Ae second tubular 
member to a third outside diameten and plastically deforming and radially expanding the 
second tubular member to a fourth outside diameter; wherein the first outside diameter is 
greater than the second outside diameter; and wherein the inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions arc 
substantially equal. 

According to another aspect of the present invention there is provided an apparatus 
for coupling a first tubular member to a second tubular member, comprising: means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
means for decoupling the first and second expansion cones; means for plastically 
deforming and radially expanding another portion of the first tubular member to a second 
outside diameter using the second expansion cone; means for positioning the second 
tubular member inside the first tubular member in overlapping relation to the first portion 
of the first nibular member, means for plastically deforming and radially expanding the 
second tubular member to a third outside diameter; and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter; wherein 
the first outside diameter is greater than the second outside diameter; and wherein the 
inside diameters of the firat and second nibular members after the plastic deformations and 
radial expansions are substantially equal. 
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Brief Description of the Diawings 
Fig. la is a cross sectional illustration of a wdlboro including a preexisting 
wollboTO casing. 

Fig. lb is a crosfr-aectional illustration of the placement of an embodiment of an 
5 apparatus for radially expanding a tubular member into tiie wellboie of Fig. la. 

Fig. Ic is a cfoaa-secdonal illustration of the injection of fluidio materials through 
the apparatus of Fig. lb. 

Fig. Id is acioss-sectionBi illusttation of the injection of hardenable fluidic seaKng 
mafftriaia through the q)paiatU8 of Fig. Ic. 
10 Fig. le is a cross-sectional ilhistration of thepressurization of the region below the 

expansion cone of the apparatus of Fig. Id 

Fig. If is a cross-sectional illustration of the continued pxessurization of the region 
below the expansion cone of tho apparatus of Fig. le. 

Fig. Ig is a eross-sectional illustration of the contbued pressuiization of the region 
1 5 below tho ejqwnsion cone of the jqjparatus of Fig, 1 f foOowing the removal of the over- 
expansion sleeve. 

Fig. 1 h is a cross-sectional illustration of the completion of the radial eocpansion of 
the expandable tubular member of tho apparatus of Fig. Ig. 

Fig. 1 i is a cross'sectional illustration of the drilling out of a new section of the 
20 wellboie below the apparatus of Fig. Ih. 

Fig. Ij is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the appazatOB of Fig. li. 

Fig. Ik is a cioss-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparahia of Fig. 11. 
25 Fig. 1 1 is a cross-sectional illustration of the completion of tho secondary radial 

expansion of the other expandable tubular member ofFig. Ik to form a mono-diameter 
wellbore casing. 

Fig. 2a is a cross Boctional ilhistration of a wcUbore including a preeodsting 
wellbore casing. 

30 Fig. 2b is a cmRs-sectional illustration of the placement of an embodiment of an 

apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 
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Fig. 2c is a ciosft-scctional illustration of (he injection of flttidic raatariato ttirough 

the apparatus of Fig. 2b. 

Fig. 2d is a CTOSs-sectiond ilhistration of Ihe iBjectian of hardcnablo fhiidic scaling 

materials throurfi the ^jparatus of Fig. 2c. 
5 Fig. 2c is a crosMCCtional illustration of the preBsurizadon of the region below the 

expansion cone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-seclional ilhistration of the contmued pressurization of the region 
below ths expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a ciofifi-sectional illustration of the completioii of the radial oq^ansion of 
10 the expandable tubular member of the i^aratus of Fig. It 

Fig. 2h i» a cioss-aectiond illustration of the diiUing out of a new section of the 
wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-secdonal ilhistration of the ladia] expansion of another 
expandable tubular member that ovcilapa with the apparatus of Fig. 2h. 
1 5 Fig. 2j is a cross-sectional ilhistration of the seoondaiy radial expansion of tiie 

other expandable tubularmeraber of the apparatus of Fig. 2i, 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Fig. 2j to form a mono-diameter 
wellbore casing. 

20 Fig. 3 is a <»oss-sectional ilhistratian of the aiqiarafais of Fig. 2b illustrating the 

design and construction of the over-expansion insert. 

Fig. 3a is a cross-^ectionaJ iUustration of an alternative embodunent of the over- 
expansion insert of Fig. 3. 

Rg. 4 is a cTOM-sectional illustration of an alternative embodiment of the apparatus 
25 of Fig. 2b including a resilient hook for retrieving the over-expansion insert. 

Fig. 5a is a cross-sectional illustration of a wellbore including a preexisting 
wdlboiecaafaig. 

Kg. 5b is a cross-socttonal iUustration of fee fbnnatlon of a new section of 
wellbore casing in the wellboie of Fig. 5a. 
30 Fig. 5c IF a fragmentary cross-sectional illuatiation of the placement of an 

iflflalable bladder into the new section of the wellbore casing of Fig. 5b. 
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Fig. 5d is a fiagmontaiy crosB-seotional ilhistaitian of tho infletioji of the inflatable 
bladder of Fig. 5c. 

Kg. 5e ie a cross-sectional ilhistration of the acv/ section of wellbore casing of Fig. 
5d afier oTcr-expansion, 
5 Kg. 5f ia a woss-scctional illastratioii of tho new section of woUbore casitig of Hg. 

5e after drilling out a new section of the wellbore. 

Fig. 5g is a czDSS-sectional iHustiation of the fbnnation of a numo-diameter 
wellbore casing flwt inchides the new section of the weUboie casing and an additianal 
seodon of wellboie casing. 
10 Fig. 6a is a ooss-sectional iUustration of a wellbore including a preexisting 

wcnbore casing. 

Fig. 6b is a cross-sectional ilhistration of the Ibrmation of a new section of 
weUboie casing in tiie woObocc of Fig. 6a. 

Pig. 6c is a fiagmentary cross-sectional illustration of the placement of a roller 
1 5 radial expansion device into the new section of the wemjore casing of Fig. 6b. 

Pig, 6d is a cross-sectional illustration of the new section of wollboro casing of Fig. 
6c after ovoi^expansion. 

Fig. 6c is a crossnscctional illustration of Oie new section of wellbore casing of Fig, 
6d after drilling out a new section of the wellbore. 
20 Fig* 6f is a cross^sectional tUostiation of the fonnation of a mono-diameter 

wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 7a is a cross seotional iUustration of a wellbore including a preexisthig 

wellbore casing. 

25 Fig. 7b is a cross-sectional illustration of tho placement of an embodimeat of an 

apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig. 7c is a cross-sectional iUustration of the injection of fluidic materials throng 

the apparatus of Fig. 7b. 

Fig. 7d is a cross-sectional iUustration of the injection of hardonable fluidic sealing 
30 materials througji the Qyparatus of Fig. 7c. 

Fig, 7c is a cross-ficctioaal illustration of the pressurization of the region below the 
expansion cone of the apparatus of Fig. 7d. 
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Fig. 7f is a crDsssectLonal ilhistratiQii of the continued pressurization of tho region 
below the oxpensnm oono of the e^exatus of Fig. 7e. 

Fig. 7g is a aosMcctional illttstration of tho completion of the radial expansion of 
the expandable tubular member of the apparatus of Fig. 7f. 
5 Fig. 7h is a cross-sectional illostration of the drilling out of a new section of the 

wellbore below the ^ipsxatas of Fig. 7g. 

Fig. 7i is a croBs-sectioiial ilhwtiation of fhc complerion of the radial ©xpaosion of 
another expandable tubular member to fiamamom^diamelerwellboTO casing. 

Hg. 8a is cross-scctipnal illustration of an wellboie inohiding a preexisting section 
1 0 of wcllborc casing having a recessed portion. 

Fig. 8b 38 a cross-sectional i llustration of the placement of an apparatus for radially 
expanding a tubular member withhi the wellbore of Fig. 8a. 

Fig. 8c is a dOBs-soctional illustration of the injection of Huidic materials througb 

the i^paratua of Fig. 8b. 
15 Fig. 8d isacroBwectional illuatrationof thohajectionof ahardenablefluidic 

sealing material through the apparatus of Fig. Sc. 

Fig. 8e is cross-sectional illustrallon of die isolation of the region below the 
expansion cone and within the expansion cone launcher of (he apparatus of Fig. 8d. 

Fig. 8f is a ocosB-sectional illustration of the plasdo defimnatiott and radial 
20 expansion of the upper pwtion of too expandable tubuhir memba of the ^paratus of Fig. 
8e. 

Fig. 8g is a cross-sectional ilhistration of fiie remova] of the upper expanaon cone 
fiom the wellbore of fg. 8£ 

Fig. 8h is a cross-sectional illustration of the continued piessurization of the n^on 
25 below the expansion cone of the apparatus of Fig. 8g to thcrebyplastically deform and 
radially expand the expansion cone launoher and expandaiblfl tubular memiber. 

Fig. 81 is a cross^octionai illustration of the completion of the initial radial 
expansion process of the apparatus of Fig. 8h. 

Fig. Sj is a cross^ecdonal illustration of the further radial expansion of the 
10 apparatus of Fig. 8i in order to form a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore mcluding upper and lower 
preexisting wellbore casings thai aro Bq)arat«! by an axial gap. 
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Fig. 9b is a cross-secdoMl fflustralioii of the coiqiliiig of a tubular mianber to tho 
opposing ends of the wdlboro casbg? of Fig. 9a. 

Pig. 9o is a fmgmeiitaiy cross-sectional inusd^tio^ 
expansion device iBto the tubular member of Fig. 9b. 
5 Fig. 9d is a fragmeotary CTOW-seotional illustraticii of the actuation of the radial 

exjMnsion device of Fig. 9& 

Fig. 9e 18 a crosB-sectioiial of a mono-diamctor woUborc casing genoatcd by the 
actuation of the radial expansion device of Fig. 9d. 

Fig. 10 ia a crosB-sectional illustration of a mono-diamctcr wellbore casing that 
10 includes a pluraHty of of radially expanded tubular members along at least a portion 
of the its length. 

Fig. 11 a is a cross-soctional iUustration of a wcllb<we including a casing formed by 
plastically deforming and radially expanding a first tubulai member. 

Fig. I lb is a cross-sectional illustration of a woUboro including another casing 
15 couplcdtothcpreexistingcasingbyplasticaUydefonning and radiaUyoxpan^ a second 

tubular moinber. 

Fig. 11c is a cross-sectional illustration of a mono- diameter wellbore casing 
foimcd by radially expanding tho second tubular member a second time. 
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Detailed Description 
o 

Q Several embodiments of methods and apparatus for forming a mono^diameter 

^ wellbore casing are disclosed. In several alternative embodiments, the methods and 

apparatus may be used for form or repair mono^diameter \vellbore casings» pipelines, or 

C>1 5 structural supports. Furthermore, while the present illustrative embodiments are 
O 

52 described with reference to the formation of mono-diameter wellbore casings, the 

^ teachings of the present disclosure have general application to the formation or repair 

Q of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig. 1 a, a wellbore 1 0 includes a preexisting wellbore 
10 casing 15. The wellbore 1 0 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellbore casing IS may be coupled to die upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
15 following: (1) U.S. patent 6497289, (2) Australian patent application AU-A-16417/00, 
(3) U.S. patent 6823937. (4) U.S. patent 632811 3, (5) U.S. patent 6640903. (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
6604763, (10) International patent application WO 01/04535, (1 1) International patent 
application WO 01/33037. (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
20 U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A'2004- 
0033906, (16) U.S. patent application US-A-2003'01 16325, and (17) U.S. patent 
application US*A-2004-004571 8, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
25 positioned tubular members. 

Referring to Fig. Ibp an apparatus 100 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 100 includes a tubular 
support member 105 defining a passage 1 10 for conveying fluidic materials. An 
expansion cone 115 defining a passage 120 and having an outer conical surface 125 for 
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radially expanding tubular members is coupled to an end of the tubular support 
member 105, An annular conical over-expansion sleeve 130 mates with and is 
removably coupled to the outer conical surface 125 of the expansion cone 1 15 . In 
several alternative embodiments, die over-expansion sleeve 130 is fabricated from 
frangible materials such as, for example, ceramic materials, in order to facilitate the 
removal of the over-expansion sleeve during operation of the apparatus 100. In this 
manner, the amount of radial expansion provided by the apparatus may be decreased 
follov^ng the removal of the over-expansion sleeve 1 30. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expansion cone 1 15 and the over-expansion sleeve 130. The expansion cone launcher 
135 include an upper portion having an upper outer diameter, an intermediate portion 
thai mates with the expansion cone 1 15 and the over-expansion sleeve 130» an a lower 
pordon having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 140 defming a valveable passage 145 is coupled to the 
lower portion of the expansion cone launcher 135, In a preferred embodiment, the 
valveable passage 145 may be controllably closed in order to fluidicly isolate a region 
1 50 below the expansion cone 1 1 5 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 

An expandable tubular member 155 is coupled to the upper portion of the 
expansion cone launcher 135. One or more scaling members 160a and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 155. In 
several alternative embodiments, the sealing members 160a and 160b may include 
clastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition (o, the sealing members 160a and 160b. 

In a preferred embodiment, the support member 105, the expansion cone 1 15, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
1 55 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. patent 
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6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, 
Q (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (1 0) 

g International patent application WO 01/04535, (1 1) International patent application 

WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012. (14) U.S. patent 
(N 5 application US-A.2003-012 1 558, (15) U.S. patent application US-A-2004-0033906, 
S (16) U.S. patent application US-A-2003-Ol 16325, and (17) U.S. patent application US- 

0^ A-2004-00457 1 8, the disclosures of which are incorporated herein by reference. 
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As illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus 100 within the wellbore 10, ftoidic materials 165 within the wellbore 10 arc 
10 conveyed through the apparatus 100 through the passages 110, 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement of 
the apparatus 100 within the wellbore 10 are reduced. In a prefencd embodiment, the 
apparatus 100 is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 155 overlaps with the preexisting casing 15. in this manner, the 
15 upper portion of the expandable tubular member 155 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
20 expandable tubular member. 

As illustrated in Fig. Ic, a fluidic material 170 may then be injected through the 
apparatus 100 through the passages 110, 120, and 145 in order to test the proper 
operation of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 175 may then be 
25 injected through the apparatus 100 through the passages 110, 120 and 145 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion oone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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several alternative embodiments, the injection of the hardenable fluidic sealing material 
175 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 175 is comprcsBible, before, during and/or after, the curing process. 
As illustrated in Fig. le, a non-hardenable fluidic material 180 may then be injected 
into the apparatus through the passages 11 0 and 1 20. A ball plug 1 85, or other 
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similar device, may then be injected ^wiHi llie ihiidic matenal 1 SO to thereto^ seal off the 
passage 145. In this manner, the region 150 maybe pressurized by ttie continued iiQeetion 
of the fliiidic nuterial 180 into the af^aratuB 100. 

As illustrated in Fig. If, the continued injection of the fluidic material 180 into the 
5 apparatus 100 causes the expansion cone launcher 135 and expandable tubulartnember 
155 to be plastically deformed and nidialty expanded offof the over-expandon sleeve 130. 
In this maimex, the expansion cone 1 15 and over-expansian sleeve 130 ate displaced 
relative to the expansion cone launcher 135 and expandable tubular member 1 55 m the 
axial direcdoQ. 

1 0 Aftw a predetennined time period and/or after a picdetennined axial displaconent 

of the expansion cone 115 relative to the expansion cone launcher 135 and expandable 
tubular member 1 55, the over-expansion sleeve 130 may be removed ftom the outer 
conical sur&ce 125 of the expanuon cone 115 by the application of a predetermined 
upward shock load to the support member 105. In a preferred embodhnent» the shock load 

1 5 caoses the frangible over-expansion sleeve 130 to fiacturo into small pieces that arc then 
forced off of the outer conical surface 125 of the expansion cone 1 15 by the continued 
prcssurization of the region 1 50. In a preferred embodiment, the pieces of the over- 
expansion sleeve 1 30 are pulverized into grains of material by the continued prcssurization 
of the region 150. 

20 Referring to Rg. 1 g, foUomng the ronoval of the frangible over-expansion sleeve 

130, the continued piessurization of the region 150 causes the ^andable tubular member 
155 10 be plastically deformed and radially expanded and extruded off of the outer conical 
fiuifece 125 of the expansion cone 1 15. Note that the amount of radial expansion provided 
by the outer conical surface 125 of expansion cone 115 is less than the amount of radial 

25 expansion provided by the combination of the over-expansion sleeve 130 and the 

expansion cone 115. la this manner, as illustcatcd in Fig. lh,arooes8 ISSisibrmedinlhe 
radially expanded tubular member 1 55. 

After coDxpleting the plastic deibimation and radial expansion of tiie tdndai 
member 155. the hardenable fluidic sealing material is allowed to cure to thereby form an 

30 arniulflT body 190 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. It. the shoe 140 may then removed by driUmg out the shoe using 
a convention^ drilling device. A new secdon of the wdlbore 10 may also be drilled out in 
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order to permit additional expandable tubular members to be coupled to the bottom 
portion of the plastically deformed and radially expanded tubular member 155. 

Referring to Fig. IJ, a tubular member 200 may then be plastically deformed 
and radially expanded using any number of conventional methods of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 
radially expanded tubular member 200 overlaps with and mates with the recessed 
portion 185 of the tubular member 155. In a preferred embodiment, one or more 
sealing members 20S are coupled to the exterior surface of the upper portion of the 
tubular member 200* In a preferred embodiment, the sealhig members 205 seal the 
interface between the upper portion of the tubular member 200 and the recessed portion 
185 of the tubular member 155. In several alternative embodiments> the sealing 
members 205 may include elastomeric elemoits and/or metallic elements and/or 
composite elements. In several alternative embodiments, one or more anchoring 
elements may substituted for, or used in addition to» the sealing members 205. In a 
preferred embodiment, an annular body 210 of a hardenable fluidic sealing material is 
also formed around the tubular member 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed and 
radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A- 164 17/00, (3) U.S. patent 6823937, (4) U.S. patent 
6328113, (5) U.S. patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A-2003-01215S8. 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 
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In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before^ 
during and/or after curing. 

Referring to Fig, Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 15S and 200 are substantially equal In this manner, as illustrated in Fig. 11, a 
mono'diameter wcllbore casing may be formed. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 for 
radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 31S defming a passage 320 and 
having an outer conical surface 32S for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion insert 
330 mates with and is mnovably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the ovor-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 315 and the over-expansion insert 330, en a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defming a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a prefened embodiment, the 
valveable passage 345 may be controllably closed in order to fluidicly isolate a region 
350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 3O0. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 330 
includes a plurality of spaccd-apart arcuate inserts 330a, 330b, 330c and 330d that are 
positioned between the outer conical surface 325 of the expansion cone 315 and the 
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inner surface of the intermediate portion of the expansion cone laxinchcr 335. In this 
manner, the relative axial displacement of the expansion cone 315 and the expansion 
cone launcher 335 will cause the expansion cone to over-expand the intermediate 
portion of the expansion cone launcher. In this manner, a recess may be formed in the 
radially expanded expansion cone launcher 335. In several alternative embodiments, 
the inserts 330a, 330b, 330c, and 330d fall out of Ae recess and/or are removed from 
the recess using a conventional retrieval tool upon the completion of the radial 
expansion process. 

In en alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 
330 further includes intermediate resilient members 331a, 331b, 331c, and 33 Id for 
resiliently coupling the inserts 330a, 330b, 330c, and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to colli4)5e in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several alternative embodiments, the sealing members 360a and 360b may include 
elastomeric elemenU and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315, 
the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 arc provided substantially as disclosed in one or more of the following: (1) U.S. 
patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. patent 
6823937. (4) U.S. patent 63281 13, (5) U.S. patent 6640903. (6) U.S. patent 656M7I, 
(7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763. (10) 
Litemational patent eq)p]ication WO 01/04535, (11) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S, patent 6695012, (14) U.S. patent 
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application US-A-2003-0121558, (15) U.S. patent application US-A-2004-0033906, 
(16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent application US- 
A-20(M-0045718, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 10, ftuidic materials 365 within the wellbore 10 are 
conveyed through the apparatus 300 through the passages 3 10. 320 and 345 to a 
location above the apparatus 300. In this manner, smge pressures during placement of 
the apparatus 300 within the wellbore 10 are reduced^ In apteferrcd embodiment, the 
apparatus 300 is initially portioned within the wellbore 10 such thai the top portion of 
the tubular member 355 overbps with the preexisting casing 15. In this manner, the 
upper 
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poition of (he expandable tubular member 355 maybe zodifilly expanded into oontaet with 
and coupled to the preexisting casing 1 5. As wiH be recognized by pcraons having 
ordinary skill in the bi^ the precise initial position of the expandable tubular member 355 
will vary as a (Unction of the amount of radial expansion, the amount of axial shrinkage 
5 during radial expansion, and the material piopexlieB of the expandable tubular member. 
As illustrated in Fig. 2o^ a fluidto matedal 370 may then be injected tbrougb the 
^aratus 300 tbou^ fhe passages 310, 320, and 345 in older to tost the proper operetiofn 
of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic scaling material 375 may then be 
10 injected through the apparatus 300 through the passages 310, 320 and 345 into the amiulus 

between the a^aratus and the wellbore 10. In this manner, an annular barrier to fluid 

migration into and out of the wellboro 10 may be fonned around the ladiaily expanded 

expansion cone launcher 3 35 and expandable tubular member 355. The hardenable fluidio 

sealing material may include^ for examplei, a camcait mixture. In several altonativc 
I S embodiments, the injectioii of the hardenable fluidic sealing materia] 375 may be omitted. 

hi several alternative embodiments, the hardenable fluidic sealing material 375 is 

compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 2e, a non^hardenable Huidio material 330 may then be 

injected into the apparatus through the passages 3 1 0 and 320. A ball plug 385, or other 
20 similar device, may then be mjected with the fluidic material 3B0 to thereby seal off the 

passage 345. hi tibis manner, the region 350 may be pressurized by the continued injection 

of the fluidic material 3S0 into the appanUus 300. 

As illustrated in Fig. 2f, the contimied injection of the fluidic material 380 into the 

apparatus 300 causes the expansion cone launcher 335 to be plastically deformed and 

2 5 radially expanded ofFof the ovcr-cxpansioa insert 330. In this matmer, the expansion cone 

3L5 is diqilaced relative to the expansion cone launcher 335 and expandable tubular 
member 355 in the axial directba 

Once me radial expansion process has progressed beyond the over-expansion insert 
330, the radial expansion of the e:q)ansion cone launcher 335 and expandable tubular 

3 0 member 355 is provided solely by the outor conical surface 325 of the expansion cone 315. 

Note that the amount of radial expansion provided by the outer conical surface 325 of 
expansion cone 31 5 is less than the amount of radial expansion provided by the 
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c(mibmationof1hoovor-expanai<niifiseit330andthecKpaD^ In Ihis maimer* 

88 iUustrated in Pig. 2g, a loccsa 390 is formed in the radially otpanded tubular msmber 
355. 

In sefveral alternative embodimeQis, the over-expansion insert 330 is r^oved from 
5 the recess 390 by Ming out and/or removal uaing a conventional retrieval tool. In an 
alternative Qmbodiment* the resiliont force provided by the resilient members 331a, 33 lb, 
331c, and 331 d canae the insect 330 to coHapBo in the radial dh«ction and therd>y M out 
of the recess 390. In an aHemative embodiment, as illustrated in Fig, 4, one or more 
resilient hooks 395a and 395b are coupled to the bottom of the oxpansion cone 315 for 
10 retrieving the over-expandon insert 330 during or after the completion of the radial 
expansion process. 

After completing the plastic deformation end radial expansion of the tubular 
member 355, the hardenable fiuidic sealing material ia allowed to cure to thereby f<mn an 
annular body 400 that provides a barrier to fluid flow into or out of the wcllbore 10. 

1 5 Refenii^ to Fig. 2h, Ibe shoe 340 may then removed by drUling out the shoe usin^ 

a conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coq>led to the bottom portLon 
of the plastically deformed end radially expanded tubular member 355. 

Referring to Fig. 2j» a tubular member 405 may (hen be plastically deformed and 

20 radially expanded using any number of conveotional methods of radially expanding a 
tubular member. In a picfctred embodiment, the upper portion of the rodiaUy caqyanded 
tubular member 405 overlaps with and mates with the recessed portion 390 of the tubular 
member 355. In a preferred embodim^t, one or more sealing members 410 are coupled to 
th e exterior surface of the upper portion of the tubular member 405, hi a preferred 

25 embodiment, die sealing members 410 seal the interface between the upper portion of the 
tubular member 405 and the recessed portion 390 of the tabular member 355. In several 
alternative embodiments* the sealing membera 410 may inckde dastomeric elements 
and/or metallic elements and/or composite dements. In several altemative embodiments, 
one or more anchoring elements may substituted for, or used in addition to, the sealing 

30 members 410. In a prefen:ed embodiment, an annular body 415 of a hardenable fiuidic 
sealing material is also formed around the tubular member 405 using one or more 
conventional methods. 
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In a preferred embodiment, the tubular member 405 is plastically defonned and 
radially expanded, and the annular body 415 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A-16417/00, (3) U.S. patent 6823937, (4) U.S. patent 
6328113, (5) U.S» patent 6640903» (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A-2003-0121558. 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosuies 
of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 
alternative embodimentSt the annular body 415 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members 355 and 405 are substantially equal. In this manner, as ilhistrated in Fig. 2k, 
a mono-diameter wellborc casing may be formed. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wcllborc casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also be 
formed around the tubular member 500 using any number of conventional methods. In 
a preferred embodiment, the tubular member 500 is plastically deformed and radially 
expanded and the annular body 510 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A-16417/00, (3) U.S. patent 6823937, (4) U.S. patent 
63281 13. (5) U.S. patent 6640903, (6) US. patent 6568471, (7) U.S. patent 6575240, 
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(8)U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) Internationa! patent application WO 01/33037, (12) U.S. patent 
6564875, (13) US. patent 6695012, (14) U.S. patent application US-A-2003-01215S8, 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-004S718, the disclosures 
of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 5o and 5d, a conventional inflatable bladder 515 may then be 
positioned within the tubular member 500 and inflated to a sufficient operating 
pressure to plastically deform and radially expand a portion of the tubular member to 
fiiereby form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder SIS may then be removed 
and the shoe 505 drilled out using a conventional drillit>g device. 

Refening to Fig. 5g» an additional tubular member S2S may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus desaibed above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
525, an annular body 530 of a fluidic scaling material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled 
to the bottom of an expansion cone in order to permit the over-expansion process to be 
performed during the radial expansion process implemented using the expansion cone. 

Referring to Figs 6a-6b, in an alternative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore easing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also be 
formed around the tubular member 600 using any number of conventional methods. In 
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a preferred embodiment, the tubular member 600 is plastically deformed and radially 
expanded and the annular body 610 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A- 164 17/00, (3) U.S. patent 6823937. (4) U.S. patent 
6328113, (5) U.S. patent 6640903. (6) U.S. patent 6568471, (7) U.S, patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S- patent 6695012, (14) U.S. patent application US-A-20O3-O121558, 
(15) U.S. patent application US-A-2004.0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A.2004-0045718, the disclosures 
of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of (he tubular member to thereby form 
a recess 620 in the tubular member. As will be recognized by persons having ordinaiy 
skill in the art, a roller expansion device typically utilizes one or more rollers that, 
through rotation of the device, apply a radial force to the interior surfaces of a tubular 
mcmba-. In several alternative embodiments, the roller expansion device 615 may 
include eccentric rollers such as. for example, as disclosed in U.S. Pat. Nos. 5,014,779 
and 5,083,608, the disclosures of which are incorporated herein by reference. 

Referring to Figs, 6d and 66, the roller expansion device 615 may then be 
removed and the shoe 605 drilled out using a conventional drilling devica 

Referring to Fig. 6f» an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono*<fiameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
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625, an annular body 630 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the roller expansion device 615 may be 
coi^led to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellborc 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellborc casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment* the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent 6497289, (2) Australian patent application AU-A- 164 17/00. 
(3) U.S. patent 6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
6604763, (10) International patent application WO 01/04535, (1 1) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A'2003-01 16325, and (17) U.S. patent 
application US-A-2004-0045718, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexistbig wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular member 
may then be positioned within the wellborc 10. The ^paratus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 for 
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radially expanding tubular members is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 73S is movably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 735a 
having an upper outer diameter, an intermediate portion 735b that mates with the 
expansion cone 715, and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 73S further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllably closed in order to fluidicly isolate a re^on 750 below the 
expansion cone 71 S and bounded by the lower portion 73Sc of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 73Sa of the 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coaled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 760a and 760b. 

In a preferred embodiment, the support member 705, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (I) U.S. 
patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. patent 
6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, 
(7) US. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent iq)pIlcation WO 01/04535» (11) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
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application US-A-2003-0121558, (15) U.S. patent application US-A-2004-0033906, 
(16) U.S. patent application US-A-2003-Ol 16325, and (17) U.S. patent application US- 
A-2004-00457 1 8, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellborc 10, fluidic materials 765 within the wellboic 10 are 
conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
location above the ^paratus 700. In this manner, surge pressures during placement of 
the apparatus 700 within the wellborc 10 are reduced. In a preferred embodiment, the 
apparatus 700 is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 755 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 755 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and die material properties of the 
expandable tubular member. 

As illustrated in Fig. 7c, a fluidic material 770 may then be injected throu^ the 
apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then be 
injected through the apparanis 700 through the passages 710, 720 and 745 into the 
annul us between the apparatus and the wellbore 10. In this manner, an annular banier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative 
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embodimcDts, (he injection of the hardonable iloidic dealing material 775 may be omitted, 
la seveial altemative embodiments, the hardcnable fluidic sealing material 775 ia 
cotnpresBible, brfbre, during and/or after, the curing process. 

As illustrated in Fig. 7o, a non-Iiardenable flddjc material 780 may tben be 
5 injected into the apparatus through the passages 710 and 720, A ball plug 785, or other 
similar device, may then be injected with the fluidio matarial 780 to thereby seal oCTthe 
passage 745. hi this manner, the region 750 may be pressurized by the continued injection 
of tiie fltddic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injcctkjn of the fluidic material 780 

10 into the apparatus 700 causes the expansion cone launch^ 735 and expandable tubular 
member 755 to be plastically deformed and radially expanded off of the expansion cone 
715. Tho resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755» die haidenable fluidic sealing material is albwed to cure to (hereby form an 

15 annular body 795 that provides a barrier to fluid flow into or out of the wellborc 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe using 
a convcntibnal driUing device. A new section of the weltbore 10 may also be drilled out in 
order to permit additional expandable tubular membecs to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 755. 

20 Referring to Fig. 7i, an additional tubular member 800 may dien be plastically 

de&imed and radially expanded in a conventional manner and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter wdlbore 
casing. Before^ during or after the radial expansion of the tubular member 800, an annular 
body 805 of a fluidio sealing material may be formed around toe tubular member in a 

25 conventional manner and/or by using one or more of the methods and apparatus describod 
above. In a prefbrred embo^enl» (he tf> 790 facilitates the coupling of die tubular 
member 800 to the tubular member 755 by providing a region on which the tubular 
monber 800 may be easily coupled onto. 

Referring to Fig. 8a, in an altemative embodiment, a wellbore 1 0 includes a 

30 prcexistfaig section of wellborc casing 1 5 and 900. The woHbore casmg 900 includes 
sealing members 905a and 905b and a recess 91 0. An annular body 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and annular 
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body 915 may be provided using any number of conventional methods, the methods 
described above, and/or using one or more of the methods disclosed in the following; 
(1) U.S. patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. 
patent 6B23937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. patent 
6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, 
(10) International patent application WO 01/04535, (U) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-01 2 1558, (15) U.S. patent application US-A*2004- 
0033906, (16) U.S. patent application US-A-2003-0] 16325, and (17) U.S. patent 
application US-A-2O04-0O45718, the diadosures of which are incorporated herein by 
reference, 

Refenring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 
is then positioned within the wellbore 10 that includes a tubular support member 10O5 
that defines a passage 1010 for conveying fluidic materials. A hydraulic locking 
device 1015 that defines a passage 1020 for conveying fluidic materials that is fluldicly 
coupled to the 
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passage 1010. The loddng dovico 1015 forthor includes inlet passages, 1020a and lQ20b, 
actuating chHinbers^ 1025a and 1025b» and locking mfsnbers, 1030a and 1030b. Bmiiig 
operation^ the injectionof £iudic materials into the actuating chambers, 1025a and 1025b, 
canaes the locking membors, 1030a and 1030b, to be displaced outwardly in the radial 
5 diiectioa In this manner^ the locking device 1015 may be controUably coupled to a 
tubular member to thereby maintain Ihe tubular member in a substantially Btatk>n8ry 
positioa AswiUbezecognizedbypoKmsbavingoidinsiyakillinthear^ 
pressuics and physical sh^e of ^ inlet passages 1020, actuadng chambers 1025, and 
locking members 1030 win detonnine the maximum amount of holding force provided by 

10 the locking device 1015. In several alternative embodiments^ fiuidic materials may be 
injected into the locking device 1015 using a dedicated iluid passage in order to provide 
precise control of the locking device. In several alternative embodiments, the locking 
device 1015 miay be omitted and the tubular support member 1005 coupled directly to the 
tubular support member 1 035. 

1 5 One end of a tubular suppcvt monber 1035 that defines apassage 1040 is coupled 

to the baking device 1015. The passage 1040 is fluididy coupled to the passage 1020. 
An expansion cone 1045 that defines a passage 1050 and includes an outer conical surface 
1055 is coupled to another end of the tubular sui^ort member 1035. An expansion cone 
laundier 1060 is movably coupled to and supported by the expansion cone 1045. The 

20 expansion cone launcher 1060 includes an upper portion 1060a having an upper outside 
diameter, an intcmricdiate portk>n 1060b that mates widi the expansion cone 1045, and a 
lower portion 1060c having a lower outside diameter. The lower outside diameter is 
greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower portion 

25 1060c of the expansion cone launcher 1060. In dxis manner, a region 1075 below the 

expansion cone 1045 and boimdcdby the 6}q)ansiun cono launcher 1060 and the shoe 1065 
may be pressurized and fluidicty isolated from the annular region between the apparatus 
lOOO and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 

30 expansion cone launcher 1060. In several alternative embodimenlB, one or more sealing 
members are coupled to the exterior of the upper portion of the expandable tubular 
member 1080. In several alternative embodiments* the sealing members may include 
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elastomeric elements and/or metallic elements and/or composite elements. In several 
O 

Q alternative embodiments^ one or more anchoring elements may substituted for, or used 

g in addition to, the sealing members. 

An expansion come 1085 defining a passage 1090 for receiving the tubular 
Csl 5 support member 1005 includes an outer conical surface 1095. A tubular support 
oo member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 

^ is coupled to the bottom of the expansion cone 108S for supporting and actuating the 



expansion cone. 



^ In a preferred embodiment, the support members lOOS and 1035, the expansion 

10 cone 1045, the expansion cone launcher 1060, the shoe 1065, and the expandable 
tubular member 1080 are provided substantially as disclosed in one or more of the 
folloviritig: (1) US. patent 6497289, (2) Australian pat^t application AU-A- 164 17/00, 
(3) U.S. patent 6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
15 6604763, (10) International patent application WO 01/04535, (11) International patent 
application WO 01/33037, (12) U.S, patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-0116325, and (17) U.S. patent 
application US-A-2004-0045718, the disclosures of which are incorporated herein by 
20 reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fhiidic materials 1 110 within the wellbore 10 
are conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 
25 placement of the apparatus 1000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such that 
the top portion of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
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member 1080 may be radially expanded into contact with and coupled to the recess 910 
of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1115 may then be injected through 
the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 
injected through the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 
into the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone launcher 1060 and expandable tubular member 
lOSO. The hardenable fluidic sealing material may include, for example, a cement 
mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 1120 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1120 Is compressible, before, during and/or after, . 
the curing process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1 125 may then be 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040. A ball 
p!ug 11 30, or other similar device, may then be injected with the fluidic material 1I2S 
to thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of the fluidic material 112S into the apparatus 
1000. Furthermore, in this manner, the actuating chambers, 1025a and 1025b, of the 
locking device 1015 may 
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be pressurized. Jn this inanner, the tubular moniber 1080 may be held in a substantiaUy 
stationary position by the locking dmdce 1015. 

As iilustrated in Fig. Zf, Ihe expansion cone 1085 may then be actuated in the 
downward direction by adirect application of axial force ofiing^suwwrl member llOO 
and/or through the application of fluid force. The axial displacement of the expansion 
cone 1 085 may plastically defbnn and radially expand the upper portion of the expandable 
tubular member 1 080. In this manner, the upper portion of the expandable tubular 
member 1080 may be precisely coupled to the recess 910 of the piccixistiiig casing 900. 

Duting the downward actuation of the expansion cone 1085, the locking member 
1 015 preferably prevents axial di^Iacement of the tubular member 1 080. In a preferred 
embodiment, the locking membo: 1015 is positioned proximate the upper portion of the 
tubular member 1080 in ord^ to prevent buckhng of the tubular member 1080 during the 
radial expansion of the upper portion of the tubular member. In an alternative 
embodiment, the locking member 1015 is omitted and the hiterferenee between the 
intermediate portion* 1 060b of the expansion c(me launcher 1 060 and the expansion cone 
1045 prevents the axial displacement of the tubular member 1080 duriog the radial 
expansion of the upper portion of the tubular memb^. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be raised out 
of^ewellborelO. 

As illustrated in Fig. 8h, the continued injection of the.fluidic material 1125 into 
the apparatus 1000 may then cause the expansion cone launcher 1060 and the expanctehle 
tubular monber 1080 to be plastieally deibrmed and radially expanded off of the 
expansion cone 104S. M this manner, the expansion cone 1045 is displaced relative to the 
expansion cone laimcher 1060 and expandable tubular member 1 080 in the axial direction. 
In a piefeiied embodiment, the axial forces created during (he radial expansion process are 
greater than the axial forces generated by the locking device 1015. As will be recognized 
by petsons having ordinary skill m the art, the precise relationship between these axial 
fotces will vary as a fimction of the operating charact^iatiGS of ttie loddng device 1015 
and the metallurgical propeilles of the expansion cone launcher 1060 and expandable 
tubular 1080. In an alternative embodiment, the operating pressures of the actuating 
chambera. 1025a and 1025b, and the region 1075 are separately controllable by providing 
separate and dedicated fluid passages for pressurizing each. 
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As illustrated in Pig. 8i, after completing the plastic defonnati<m and radial 
Qocpansion of the tubular member 1080, the baidcDablo finidic sealing material is allowed 
to cure to thereby fonn an auaidfir body 1 1 30 that provides a barrier to fluid flow into or 
out of the wellboxe 1 0. The shoe 1065 may then removed by drilling out the shoe using a 
5 conventional drilling device, A nsw section of the weUboxe 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom pcHtion 
of the plastically defbraied and radially expanded tubular member 1 080. 

In an ahemative embodiment, the annular body 1 130 mvy be omitted. la several 
aheniative embodiments^ the annular body 1130 maybe radially compressed before, 
10 during and/or aAer curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded agfdn 
using one or more of the methods described above to provide an mono-diameter woUbore 
casing. 

Refeiring to Fig. 9a, a wellbore 1200 incltides an i^er preexisting casing 1205 
15 and ft lower preexisting casing 12 10. The casings, 1205 and 121 0, may fiirther include 
outer annular layers of fluidtc sealing aiatoiala such as, foi exan^le, conent The ends of 
the caaings, 1205 and I210« are separated by a gGq> 1215. 

Referring to Fig. 9b, a tubular member 1 220 may then be coupled to the opposing 
ends of the casings, 1205 and 1210, to tliereby bridge the gap 1215. ]b apreferred 
20 embodiment, the tubular mend^er 1 220 is coupled to the opposing ends of the casings, 
1205 and 1210, by plastically deforming and radially expandipg the tubular memb<»r 1220 
using one or more of the methods and apparatus described and lelcrenced above. 

Referring to Fig, 9c, a radial expansion device 1225 may then be positioned wi^n 
the tubular member 1220. In a prefiared embodiment, the length of the radial expansion 
25 device 1225 is greater than or equal to the axial length of the tubular member 1220- In 
several alternative embodiments, the radial expansion device 1 225 may be any number of 
conv«itional radial expansion devices such as, for sample, expansion cones actuated by 
hydraulic and/or direct axial fozoe, roller expanuon devices, and/or expandable hydraulic 
bladders. 

30 Referring to Figs. 9d and 9c, aRer actuation and subsequent dc-actuation and 

removal of the radial expansion device 1225, the inside diameters of the casings, 1205 and 
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1 210, are substantially equal to the inside dianieter of the tubular membsr 1220. In Ifab 
manner, a mono-diameter wellbore casing may be fonned. 

Refeiring to Pig. 10, a weilbore 1 300 imsludcs an outer tubular member 1305 and 
an inner tabular member 1310. In a piefened onbodiment^ the tubular members, 13DS and 
5 131 0, are plastically deformed end radially expanded using one or mote of ^ methods 
and q>paratas described and referenced above. In this manner, a weilbore casmg may be 
provided whose burst and collapse strengOi may be precisely controlled by varying the 
number, thickness, and/or material properties of the tubular members, 1305 and 1310. 
Referring to Pig. 11a, a weilbore 1400 includes a casing 1405 that is coupled to a 
10 preexisting casing 1410. En a preferred embodiment, one ormore sealbg members 1415 
are coiqilod to the exterior of the upper portion of the tubular member 1405 in ordCTto 
optimally seal Che interfece between the tubular member 1405 and the preexisting casing 
1410. In a preibned embodiment, the tubular member 1405 is plastically deformed and 
radially expanded using conventional me&ods and/or one or more of the methods and 
1 5 apparatus described and referenced above. In an exemplary embodiment, the cmtside 

diameter of the tubular member 1405 prior to the radial expansion process is OD^^, the wall 
thickness of the tubular member 1405 prior to the radial expansion process is t^, the 
outside diameter of the tubular member following the radial expansion process is OD^, and 
the wall thickness of the tubular member following tiie radial expansion process is t|. 
20 Referring to Fig. 1 lb, a tubular member 1420 may fhm be coupled to the lower 

portion of the tubular member 1405 by plastically deforming and radially oKpanding die 
tubular member 1420 using convmtional methods and/or one or more of the methods and 
apparatus described and referenced above. In a preferred embodiment, the exterior surface 
of the upper portion of tlie tubular member 1420 includes one or more sealing members for 
25 sealmg the interface between the tubular member 1420 and the tubular member 1405. 

Refoning to Fig. 1 Ic, lower portioA of the tubular member 1405 and ttie tubular 
member 1420 maybe radially expanded again to provide a mono-diameter wdlbore 
casing. The additiooal radial expansion may be provided usmg convuidonal methods 
and/or one or more of the methods and apparatus described and refomced above. In an 
30 exemplaiy embodiment, the outside diameter and wall thickness of the lower portion of 
the tubular member 1405 ailer the additional radial expansion process are OD, andtj. 
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Tho ladia] oxpansioii jxrocoss of Figa. 1 Ib-l Ic can thou be repeated to provide a 
mono-diameter wollboio casing of virtually unlimited lengdi. 

In several alternative embodiments, the ordering of the radial expansions of the 
tubular members, 1405 axid 1420, may be changed. For example, the fist tubular member 
5 1405 may be plasticaily deformed end radially expanded to provide a lower portion having 
the outside diameter OD^ and tix3 remaining portion having the ontddo diameter QDi. The 
tubular member 1420 may then be plastically defomied and radially expanded one or more 
times until the inside diametcis of the tubular membasp 1405 and 1420, are substantially 
equal. Tho plastic deformations and radial expansions of the tubular members, 1405 and 
1 0 1420, may be provided using conventional methods and/or one or more of the methods and 
^paratus described and referenced above* 

In an exemplary embodunent^ the total expansion strain £ of ^ tubular member 
1405 may be expressed by the Mowing equation: 



Furthermore^ in an exemplaiy embodiment, where: (1) the exterior surface of ttie 
iq^per potdon of the tubular member 1420 mcludes sealing memben^ and (2) the radial 
20 spacing between the tubular monber 1405 and the wellbore 1400 prior to the first radial 
expansion is equal to d, the outside diameters, OD, and OD2> of the tubular member 1405 
following the first and second radial expansions may be expressed as: 



E^(OD,-OD^)/OD, (1) 



15 



where 



ODo - original outside diameter, 

OOi = outside diameter after 1" radial expansion; and 

OD2 ~ outside diameter after 2^ radial expansion. 



0!Dl = OZ)j,+ 2rf+2/i (2) 
C?A=OA+2iJ + 2/j (3) 



30 



25 



where ODg 



d 



OD, 



the original outside diameter of the tubular member 1405; 
» the outside diameter of the tubular member 1405 

following the first radial expansion; 
- the outside diameter of the tubular member 1405 

following the second radial expansion; 
" the radial spacing betwe^ the tubular member 1405 

and the wellbore prior to the fimt radial expansion; 
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t] - tho wall thickness of the tubular member 1405 afl^ 
tho first radial expansion; 
~ the wall thickness of the tubular member 1405 after 
(hd socond radial expanision; and 
5 R the thickness of sealing member provided cm tlie 

NCterior surface of the tubular member 1420. 
Puitfaesmore, in an excmpl&iy embodiment, for d approximately equal to 0^5 
inoJies and R i^roxunatoly equal to 0.1 inches, equation (1) can be approximated as: 

£=:(o.7"+3.7/o)/OA (4) 

10 where to " the original wall thtokneaaofthe tubular member 

1405. 

In an exemplaiy anbodimeat, the total expansion strain of tiie tubular member 
1405 should be less than or equal to 0.3 in onkr to masdzDize the buist and colU^se 
strength of the expandable tubular member. Therefore, torn equation (4) the ratio of the 
1 5 original outside diameter to the original wall thickness (ODA) may be expressed as; 

OD^ /to > 3&/{Q3 - 0.7 / QdJ (5) 

Thus, in a preferred embodiment, for ODq less than 10 hiches,' the optimal ratio of 
tiie original outside diameter to the original wall thickness (OP(/to) may be expressed as: 

OD,/t,tl6 (6) 

20 In this mamier, for typical tubular members, the bunt and collapse strength of the 

tabular members following one or more radial expansiom are maximized when the 
relationship in equation (6) is satisfied. Furthermore^ the relationshipa expressed in 
equations (1) through (6) are vaHd regardless of the order or type of the radial expansions 
of the tubular member 1405, More generally, the relationships expressed in equations (I) 

25 through (6) may be applied to the radial expansion of structures having a wide range of 
^ profiles such as, for examplo, triangular, rectangular, and oval 

An apparatus for plastically deforming and radially expanding a tubular member 
has hecQ described that includes means for plastically defomnng and radially e?q)andiXLg a 
first portion of the tubular member to a first outside diameter, and means for plastically 

30 deformmg and radially expanding a second portion of the tubular member to a second 
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outside diamete-. In a preferred embodiment, the first outside diameter is greater than the 
second outside diameter. In a preferred embodiment, the means for plastically defonning 
dnd radially expanding the first pcition of the tubular member to the first outside diameter 
, is removabie. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to tfie first outside diameter is finmgible. 
In a preferred embodiment; the means for plastically defbtming and nkdially expanding the 
first portion of the tubular member to the first outside diameter is elastic. In a prejferred 
embodiment, the means for plastically deforming and radially expanding the first portion 
of the tabular member to the first outside diameter includes means for applying a radial 
force to the first portion of ttie tubular member. In a preferred embodiment, the means £Dr 
plastically deforming and radially expanding the first portion of the tubular member to the 
first outside diameter is inflatable. In a prefisned oubodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the fiist 
outside diameter includes rolling means for applying radiai pressme to the first portion of 
die tubular m^nber. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first finid 
passage, an expansion cone coupled to the tubular support member havix^ a second fluid 
passagp iluidicly coupled to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coupled to the outo' conical sur&ce of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
the expansion oono launcher. In a profonred embodhnent, ftte oonJcal sleeve is fi^ngible. 
In a preferred embodiment, the conical sleeve is elastic. la a preferred embodimoit, the 
conical sleeve includes a plurality of arcuate elements. 

A method of plastically defonnhig and radially expanding a tubular member has 
also been described that includes plastically ddbnning and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically deforming and radialfy 
expanding another portion of the tubular member to a second outside diameter. In a 
prefened embodimwit, the first diameter is greater than (he second diameter. In a 
preferred embodiment, plastically deforming and radially expanding the portion of the 
tubular member includes applying a radial force to (he portion of the tubular member using 
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a conical sleeve In a picforredembodteient, conical sleeve is frangible. Jnaprefencd 
embodiment, the conical sleeve is elastic. In a profencd embodiment, the conical sleeve 
include a plurality of arciiate eloncnta. In a prefeired embodiment, plastically defbrniiog 
and radially expanding portion of the tubular member includes applying a radial foice 
5 to llie portion ofthe tubular member using an inflatable bladder. Inaprefened 
embodiment, plastically deforaung and ladially 63q)anding (he portion of the tubular 
member includes applying a radial force to the portfon of the tubular meniber using a toller 
expansion device. 

A method of coi^Hng a first tubular member to a second tubular mmber has also 

1 0 been described that inchides plastically deforraing and radially expanding a first poition of 
the first tubular member to a first outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside ^ameter, 
positioning fho second tubular member inside die first tubular member in overtopping 
relation to the first poition of the firat tabular member, plastically deforming and radially 

1 5 expanding the second tubular member to a third outside diameter, and phistically 

deforming ond radially expanding the second tubular member to a fomth outside diameter. 
The inside diameters of the fiist and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodimcait, the first outside 
diameter is greater than the second outside diameter. In a preferred embodiment, 

20 plastically deforming and radially expanding the first portion of the first tubolar member 
includes ^plying a radial fisce to the portion of the tubular meanber using a conical 
sleeve, la a preferred embodiment, the conical sleeve is frangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plastically deforming 

25 and radially expanding the first portion of tiie first tabular member includes applying a 
radial force to the firat portion of the first tubular member using an inflatable bladder* In a 
preferred embodiment, plastically deforming and radially expanding the first portion of Ihe 
fifst tubular member includes applying a radial force to the firat portion of the. first tubular 
member using a roUor expansion device. 

30 An apparatus for coupling a first tubular member to a second tabular member has 

also been described that includes means for plastically deforming and radially ^cpanding a 
first portion of the first tubular member to a fint outade diameter, means for plastically 
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dofonning and radially expandijig another portion of the fiist tubular number to a second 
outsidB diamotcr, means for positioning ths second tubular member imfdc the first tubular 
member in overlappmg relation to the first portion of ths iirst tubular member, means for 
plastically deforming and radially expanding the second tubular member to a third outside 
5 diameter, and means for plasticftlly defomiing and radially expanding the second tubular 
monber to a fourth outside diameter. The inside diametora of the fiiat and second tubular 
members after tho plastic deformations and radial expansions are substantially equal. In a 
prefenped embodiment, the ilrst outside diameter is greater than the second outside 
diameter. In a preferred embodiment, the means £oi plastically deforming and radially 

1 0 expanding the fir^ portion of the first tubular member Lncludes means for applying a radial 
force to the portion of tho tubular member using a corneal sleeve. In a preferred 
embodiment, the conical skeve is frangible. In a preferred embodhnent, tho conical sleeve 
is elastic. In a prefeired embodimoit. tho conical alocve includes a phzraHty of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 

1 5 expanding the first portion of the first tubular member includes means for a|^lying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
prefeired embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a rollw expansion device. 

20 An apparatus for forming a wellbore casing wifiiin a wellbore has also been 

described that includes means for siqiporting a tubular member within tho wellbore, means 
for plastically defoimmg and radially expanding a first portion of the tubular member to a 
first outside diameter, and means forplastically deforming and radially expanding a 
second portion of the tubular member to a second outside diameter. In a preferred 

25 embodiment, the first outside diamcto' is greater than the aeoond outside diamoter* In a 
pjefborod embodimont, the means for plastically deforming and radially expanding tho first 
portion of the tubular member to the first outside diameter is Tecnovable. In a prefeired 
embodiment, the means for plastically defonning and radially expanding the first portion 
of the tubular member to tho first outside diameter is firsngible. In a prefenred 

30 embodiment, the means for plastically defonning and radially expanding the first portion 
of the tubular member to the first outside diameter is clastic. In a preferred embodhnent, 
the means for plastically deforming and radially expanding the fiiat portion of the tubular 
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member to 0ie fini outside diameter includca means ibi applying a radial fbree to £he first 
portion of the tubular member. In a preferred erabodhnent, die means for plastically 
defonning and radially expanding the first poition of tbe tubular membo- to the first 
outside diameter is inflatable, la a preferred embodimenti the means for plastically 
5 deforming and radially expandix^g ^e first poition of the tubular member to the ilnit 
outside diameter inchidea rolling means for applying radial pressure to the first portion of 
the tubular member. In a prefemcd embodiment, Ibe s^aratus fuirthor includes means for 
forming an annular body of a fluidtc sealing material widiin an annulus between the 
tubular member and the weDbore. 

10 An ^paratus for forming a wellbore casing within a wellbore has also been 

described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to fto first fluid passage and an outer ccaiical suriacei a remoyable 
ammlar conical sleeve ooupkd to the outer conical smfeco of the expansion cone, an 

1 S annular expansion cone launcher coiq>led to the conical sleeve and a lower portion of ±e 
. tubular member^ and a shoe having a val veable passage c oupled to an end of the expansion 
cone laundier. In & preferred embodiment, the conical sleeve is firangiblo. In a preferred 
embodiment, the c<mical sleeve is elastic. In a preferred embodiment, the conical sleeve 
inckdes a plurality of arcuate elements. 

20 A method of forming a wellburo casing within a wellbore has also been described 

that inchides supporting a tubular member wi^ a wellbore, plastically defonning and 
radially expanding a poition of the tubular member to a first outside diameter, and 
plasticaUy defomiing and radially expsnding another portion of the tubular member to a 
second outside diameter. In a preferred embodiment, the first diameter is greater than ^e 

25 second diameter. In a profanred embodiment, plastically dofoiming and radially expanding 
the pardon of the tubular member Includes flying a radial fbxce to (he porticm of fiie 
tubular member using a conical ^eeve. In a preferred embodiment, the conical sleeve is 
fimgible. hi a prefenned embodiment, the conical sleeve is ekstio. bapre^scred 
emboduncnt, the corneal sleeve includes a plurality of aicnatecloments. ^ a preferred 

30 embodiment, plasticaUy deforming and radially expanding the portion of the tubular 
member includes applying a radial force to the portion of the tubular member using an 
inOatable bladder. In a preferred embodiment, plastically deforming and radially 



-49- 



wo 02/29199 PCT/US01/3Q3S6 

expandi]^ the portion ofihe tubular member includes a]^lymg a radial force to the poTtioiD 
of the tubular member using a roller eoq>aDsio]i device. lb a preferred embodiment, tbe 
method further includes ii^ectiag an amiular body of a haidenable fluidic sealing material 
into an annulus between the tubular member and the ^vellbore. Id a preferred embodiment, 
5 the method iluther includes curing the onnnlar body of hardenable fluidic sealing material. 
A method of fomung a mono-diameter wellborD easing within a wellboze has also 
been described that indudes sappoitmg a iirst tubular member within the wellborCp 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, plastically deforming and radially expanding another portion of the 

1 0 first tubular member to a second outside diameter, positiomng the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter* The inside diameters of the first and second 

1 5 tabular members after die plastic deformations and radial expansions are substantially 
equal In a preferred embodunent, the first outside diameter is greater than the second 
outside diameter. In a preferred embodiment, plastically deforming and radially expanding 
the first portion of the first tubular member includes q>plying a radial force to the portion 
of the tubular member using & conical sleeve. In a preferred embodiment, the conical 

20 sleeve is frangible. In a piefistTed embodiment, the conical sleeve is elastia Inapref^ed 
embodiment, the conical sleeve mcludes a plurality of arcuate elements. In a preferred 
ombodimrat, plastically deformiiiig and radially expandmg the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
member using an infiatable bladder. In a preferred ombodiment, plastically deforming and 

25 radially expanding the first portion of the first tubular member includes applying a radial 
force to the first portion ofihe first tubular member using a rolleir expansimi device, In a 
preftired esnbodhn^t, tbe melfaod fivtber includes bieeting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tabular member and 
the wellbore. In a preferred embodiment, the method further includes curing the annular 

30 body of hardenable fluidic sealing matffliaL In a preferred embodiment, tiie method 

further inclxuks iijecting an annular body of a hardenable fiuidic sealing material into an 
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buoiiIub between the second tubular mernber and the wellbore. Jn a prefwred embodiment* 
the method Anther incliides cunng the anoulBr body of hardenable fluidic sealing tnaterlai 

An apparatus (oar coupling a first tubular member to a second tubnkr member has 
also been described that includBs means for plastically deforming and radially expanding a 
5 first portion of the first tubular member to a first outside diameter* means £>r plastically 
deforming and radially expanding another portion of the first tabular membn to a second 
outside diameter, means for positiomng the second tubular member inside the first tabular 
member in overlapping idation to the first portion of the first tubular member, means for 
plastically deforming and radially expandmg the second tubular member to a thkd outside 

1 0 diameter, ond means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The mside diameters of the first and second tubular 
members aflcr the plastic deformations and radial expantsions are substantially equal hi a 
prcfcncd embodiment, the first outside diameter is greater than Che second outside 
diameter. In a preferred embodhnent, the means for plastically defomung and radially 

1 5 expanding the first portion of the first tubular member includes means for applying a ratfial 
force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is fitmgible. hx a preferred embodiment, the conical sleeve 
is clastic. In a preferred embodiment, the conicaJ alceve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 

20 expanding the first portion of the first tubular member Ladudes means ibr flying a radial 
force to the first portion of the first tubular member using an inflatable bladder. Id a 
piefecred embodiment, the means for plastieally defonning and radially expanding the first 
portion of the first tubular member mdudes means for inlying a radial force to the first 
portion of the first tubular member using a roller expansion device, hi a prcfeued 

25 embodiment, the apparatus further includes means for injecting an annular body of a 
hardenable fluidic sealing material hito an annulus between tfie first tubular member and 
the wellbore. In a preferred embodiment, the qiparatus further includes means for curing 
the annular body of hardenable fluidic sealing material In a pre&rred embodiment, fiie 
apparatus fiirther inchides means for iiuecting an annuhu: bo4y of a hardenable fluidic 

30 sealing inaterial into an annulus between tfae second tubiiiar member arid the wellbore. In 
a preferred embodiment, the apparatus further includes means for curing the annular body 
of hardenable fluidic sealing material. 
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An apparatua for plastically defonning and radially expanding a tabular member 
has also been described that inchides means for providing a lipped porticm in a portion of 
the tubular member, and means for plastically defomiing and radially expanding another 
portion of the tubular member. 
5 An apparatus for plastically defonning and radially expanding a tabular member 

has also been described that inchides a tubular 5iq)port member inoludiog a first fluid 
parage, an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface^ an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
10 the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular portion coupled 
to the second annular portion having a first outside diameter, and a fowth annular portion 
coupled to the third annular portion having a second outside diameter, whorem the second 
outside diameter is less than the first outside diameter, and a ^e having a valveable 
15 passage coupled to fourth annular portion of the expansion cone launcher. 

A method of plastically defonning and radially expanding a tubular member has 
also been described that includes providmg a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of the tubular 
member, 

20 A method of coupling a first tubular member to a second tubular member has also 

been described that mdudes providing a lipped portion m a portion of the first tubular 
member, plastically defonning and radially expanding another portion of the Grst tubular 
member, positioning the second tubular member uiside the firat tubular member in 
ovcri^ing relation to the lipped portion of the lirst tubular member, and plastically 

25 defonning and radially expandbg the seeond tubular member. The inside diameters of the 
first end second tubular members after the plastic defonnatioDa and radial expansions ore 
substantially equal. 

An apparatus for coi^ling a first tubular member to a second tubular member has 
also been described that includes means for providing a lipped portion in the first tubular 
30 member, means for plastically deforming and radially expanding another portion of the 
first tubular member, means for positiomng the second tubular member inside the first 
tubular member in overUppiqg relation to the lipped portion of the first tubular member. 
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and means for plastically deibnning and radially expanding tiK second tubular member. 
The inside diameters of &c first and second tubular members after tho plastic defbimations 
and radial expansions are substantially equal. 

An apparatus for Ibiming a wellbore casing within a wellbore bas.also been 
described that includes meaos for supporting a tubular member within fbe wellboTe, means 
for piovidlng a lipped portion in the tubular member* and means for plastically defixming 
and radaUy expanding another portian of the tubular member to a second outside 
diameter. 

An apparatus for fiirming a wellbore casing within a wellbore has also been 
described that inchidofl a tubular suj^ort member including a first fluid passage, an 
oicpsnsion cone coupled to the tubular support member having a second ihild passage 
finidicly coupled to tiie fiist fluid passage and an outer conical surfoce, an annular 
expansion cone launcher including: a first annular portion ooi^led to a lower portion of 
the tubular meniber, a seccmd annular portion coupled to the first annular portion that 
motes with the outer conical sur&ce of the expansion cone, a third annular portion coupled 
to the sec(Hid annular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the fnst ontside diameter, and a shoe having a valveable 
passage coiq)led to fourth aonular portion of the expansion cone launcher. 

A method of fi>maing a wellbore casing in a wellbore has also been described that 
inchidea supporting a tubular member within the wellbore^ providing a lipped portion in a 
portion of the tubujar member, and plastically defbrming sad radially expanding another 
portion of the tubular membw. In a preferred embodiment, the method further includes 
injecting a hardenable fluidic sealing material in an annulas between the tubular member 
and the wellbore. hi a preferred embodiment, the method further inchidee curing tlie 
fluidic sealing material. 

A method of inning a mono-diameter wellbore casing within a wellbore has also 
been described that includes supporting a first tubular member within the wellbore, 
providing a lipped portion in a portion of the first tubular member, plastically deforming 
and radially expanding another portion of the first tubular member, positioning the second 
tubular member inside the first tubular member in ovalapping relation to the hpped 
portion of the first tubular member, and plastically deibimiog and radially expanding the 
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secoad tubular membCT. The inwdediflmetcraofthe first axxd second tubular mcfflA 
after the plastic defomiations and radial aqxaifiiotis are substantially equal. In a prcfeired 
embodiment, the method further includes Injecting a hanlcnable Quidic sealing materia] in 
an annnlus between the jSrst tubular member and the wcllbore. In a preferred embodiment, 
5 the method ibrther includes curing the fluidic sealing material. In a preferred embodimcait, 
the method furthw inchides injecting a hardenable fluidic sealing material in an annalus 
between the second tubular meniber and the weUboro. In aprcfcnwd embodiment, the 
method ibrther includes curing the fluidic sealing material 

An apparatus for forming a moniHliameter weilbore casing within a wellborB baa 
1 0 also been described that inchides means for providing a lipped portion in the firat tubular 
member, means for plastically deforming and radially expanding another portion of the 
first tubular member, means for positioning the second tubular member inside the fret 
tubular member in overlapping relation to the lipped portion of the first tubular member, 
and means &r plastically defonning and radially expanding the second tubular member. 
15 The inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodiment, the apparatus 
ftirthcr includes means for injecting a hardenable fluidic sealing material in an anziulus 
between the first tubular member and the weDbore. In a preferred embodiment, the 
apparatus further includes means for curing the fhiidic seaOing material Jbi a preferred 
20 embodiment, the apparatus f\u1her hickdes means for injectmg a hardenable fluidic 

sealing inaterial in en annulTU between the second tubular metnbeir and the weilbore. In a 
prefened embodiment, the apparatus further includes means for curing the fiuidic sealing 
material. 

An apparatus for plastically defonning and radially expanding a tubular member 
25 has also been described that includes means for plastically deforzniug and radially 
expanding a first end of the tubidar member, and means for plasdcaily defonning and 
radially expanding a second end of the tuhular member. In aprefened embodiment, the 
apparatus further includes means Sor anchoring ttie tubular member during the radial 
expansion. 

30 An apparatus fhr plastically deforming and radially expanding a tubular member 

has also been described that includes a tubular support member including a first passage* 
an expansion cons coupled to the tubular support having a second passage fiuidicly 
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ooopled to the fint ^8681^ and an outer e(»ical 8Ui&c6^ w 

launchBT movably coupled to outer conical sur&co of the expansion con6» sn expandable 
tubular member coupled to an end of the annular expansion cone launcher, a shoe coi^led 
to another end of the annular expansion cone launcher having a vaiveable fluid passage, 
5 and another annular expansion cone movably coupled to the tubular support member. The 
annular expansion cones aieposidoned in oppontecmeatatioM^ hi a preferred 
embodiment^ the annular expansion cone is adapted to plasticBliy deform and radially 
expand a first end of the expandable tubular member and the other amndar expansion cone 
is adapted to plastically defomi and radially expand a second end of the expandable 
1 0 tubular member, hi a preferred canbodiment, the apparatus fiuthor includes an anchoring 
member coupled to the tubular support member adapted to hold the expandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also heen described UtiBi includes plastically defbmimg and radially expanding a first end 
of the tubular member, end phistioaUy deibzming and ladially expanding a second end of 
15 the tubular naember. hi a prefened embodiment, the method iurtiier includes anchoring 
the tubular member during the radial expansion, la a prefeired embodiment, the fhst end 
of the tubular member is plastically defomied and radially expanded before the second 
end In a prefened embodiment^ plastically defomiing and radially expanding the second 
end of ttie tubular member includes injecting a fluidic material into the tubular member. 
20 A method of couplmg a first tubular member to a second tubular member has also 

been described fliat includes positioniiig the second tubular member inside the first tubular 
member in an overlai^mg relationship, plastically defomiing and radially expanding the 
end of the second tubular member that overlq)a with (he first tubular member, and 
plastically deforming and radially expanding the remaining potHon of the second tubular 
25 member. In a preferred embodiment^ the method iiirther includes plastically deforming 
and radially expandii^ at least a portion of the second tabular member, hi a prefibired 
einbodhnait» the inside diameters of the first and second tubular membeia are substantially 
equal after the radial expansians. 

An i^oratus for coupling a first tubular member to a second tubular member has 
30 also been described that includes means for positioning the second tubular member ii^^ 
the first tubular member in an ovcrlE^ing relatiooship, means &)r plastically deforming 
and radially expanding the aid of the second tubular member that overlaps with the first 
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tubular inembcr, and means for plastically deforming and radially expending the Temaroing 
portion of the second tubular member. In a preferred embodiment, the apparatus further 
includes means for plastically defonning and radially expanding at least a portion of the 
second tubular member. Ma prefened embodiment, the inside diameterB of the fAt and 
5 second tubular mcmbeni are substantially equal after tiie radial expansions. 

An qiparatus for fbmung a welLbore casing withm a WBl]b<»e has also been 
dsscribed that inchides means for supporting a tubukr member widiin the wellboxe. means 
for plastically deforming and radially expanding a &8t end of the tubular member, and 
means for plastically deforming and radially expanding a second end of the tubular 

10 member, in a prefened embodimenti the apparatus fhrther includes moans for anc^ 

the tubular member during the radial expansion. In a prefeirBd embodimoit, the apparatus 
further includes means for injecting a hardenable fluidio sealing material into an annulus 
between the tubuhir member and the wellbore. 

An vqpfpmtas for forming a weilbore casmg within a weUbore has also been 

1 5 described that includes a tubular support member including a Gist passage^ an expansion 
cone coupled to the tubular support having a second passage flaidicly coupled to the first 
passage and an outer conical sur&ce, en annular expansion cone launcher movably 
coupled to outer conical sur&ce of the expansion cone, an expandable tubular member 
coupled to an end of the annular expanaim cone launcher, a shoe coupled to another end 

20 of the annular expansion cone launchBr having a valveable iluid passage^ and another 
annular expansicm cone movably coupled to the tubular support member. The annular 
expansion cones are portioned in opposite orientations* In a preferred embodiment, the 
annular expansion cone is adapted to plastically deform and radially expand a first end of 
ib& expandable tubular member and the other annular expansioQ cone is adapted to 

25 plastically defonn and radially expand a second end of tfie expandable tubular member, fin 
a prefenvd embodunent, the apparatus further mclodes an anchoring member coupled to 
the tubular support member adapted to hold the expandable tubular. 

A method of fonrnng a wdlbore casing within a ^weilbore has also been described 
that includes plastically defbizning and radialty expandiiig a first end of the tubular 

30 member, and plastically deforming and radially expandiz^g a second end of the tubular 
member, la a preferred embodiment, the method fiirther includes anchoring the tubular 
member during the radial expansion. In a prefened embodiment, the first end of ^ 
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tubular member is plastically dcfomifid and radially expanded be&rc the second end. In a 
preferred embodim«3t, plastically de&nning and radially expanding the second end of the 
tubular member LDcladea injecting a fluidic material into the tubular meniber. In a 
preferred embodiment, the metood further indudes Injecting a hardenablo fluidic sealing 
5 matoial into an annuhxs between the tubular member and the wellbore; 

A method of forming a wellboze casing within a weUboro baa also been described 
that includes plastically deforming and radially expanding a first tubular member within 
1^ weUbore^ positioning a second tubular meniber inside the first tabular member in an 
overlapping reMonshlp, plastically deforming and radially expanding the end of the 

1 0 second tubular memb er that oyed^s with the first tubular member, plastically deforming 
and radially expanding the remaining portion of the second tubular member. In a preferred 
embodiment, the method imtiier includes plastically deforming and radially expanding at 
least a portion of the second tubular member. In a prefemd embodiment^ the loude 
diametciB of the first and second tubular membcis are substantially equal after the radial . 

1 5 expansions. In a preferred embodiment, the meAod farther includes injecting a hardenable 
fluidic sealing material into an annutus between ^e first tubular member and the wellbore. 
In a preferred embodiment, the method further includes ixy'ecting a hardenablo fluidic 
scaling material into an armuhis between the second tubular member and the wellbore. 
An apparatus for forming a wellbore cashig within a wellbore has also been 

20 described that includes means forplastically definming and radially expandmg a fixst 
tubular mraaber within the wellbore, means for posittoniiig the second tubular member 
maide the first tubular member ui an overlapping relationship, means for plastically 
defbmoing and radially expanding the end of the second mbular member that overlaps with 
the first tubular member, means for plastically deforming and radially expanding the 

25 remaimngportion of the second tubular member. In a preferred embodiment, the 

apparatus further inchides moans &r plastically deforming and radially expanding at least 
a portion of the second tubuhir member. In a prefexred embodimwt, the inside diameters 
of the first and second tubular membos are substantially equal after the radial expansions. 
In a preferred embodiment, the apparatus further inchides means for injectmg a 

30 hardenable fluidic sealing material into an annulus between the first tubular member and 
the wellbore. In a preferred embodiment, the apparatus further includes means for 
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injecting a hardenable fluidic sealing material into m annalus betyfean 0ie secmd tubular 
member and the Avellbore. 

An q>paratus for bddgiiig an axial gap between opposing pairs of wellboro casing 
within a wellbore has also been described thai Inchides means fiir siqipoiting a tubular 
5 momber in overli^ping relation to the opposing ends of the wellbore casings, means for 
plastically deforming and radially expanding the tubular member, and means for plastically 
defoiming and radially expanding the tubular momber and the oi^sing ends of the 
wellbore casings. 

A method of bridging an axial gap b^ween opposing pairs of wellboro casing 
10 within a wellbore has also been described that includes supporting a tubular memb^ in 
overlapping relation to the opposhig ends of the wellbore casings, plastically deforming 
and radially expanduig Che tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing ends of 
the wellbore casings. 

15 A method of fonning a structure having desired strength characteristics has also 

been described that includes providing a first tubular member, and plastically deforming 
and radially expanding additional tubular membeFs onto the interior surface of the first 
mbufar member until the desired strength olmracteristicB aie achieved. . 

A method of forming a weUbore casing within a wellboro having desired stiengUi 

20 characteristics has also been described diat hicludes plastically deforming and radially 
expanding a first tubular member within the wellbore^ and plastically deforming and 
radially expanding additional tubular members onto the interior surface of the first tabular 
member until die dosirod strength characteristics are achieved. 

A method of coiq}ling a fust tubular member to a second tubular member, the first 

25 tubular member having an originBl outside diameter OD^ and an original wall thickness 1o» 
has also been described that includes plastically defbimmg and radialfy expanding a first 
portion of the first tiibular member to a fixat outside diameter, plastically deformh^ and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tabular member inside the first tubular member m 

30 overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tabular member to a fourth 
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outside diameter, \^^)aein the inside diameters of the first and second tubular members 
after tho plastic deibunatiofnB and radial 0)q}ansiQn6 are 8iJ)stantia]ly cqual« and 
wherein tho ratio of tiie oiiglDal outside diameter ODo of Hie first tubular member to the 
diginal wall lUdctiess of the first tubular member is greater than or equal to 16. 
5 A method of fi^miing a mono-diameter wellboie easing has also been described 

that inchidea poattiomog a first tubular member within a wellbore, the first tabular mombo' 
having an original outside diameta ODo ^ an origina] ^'all thxckneas to, plastically 
deforming and radiaEy expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another poitioa of the first 

10 tubular member to a second outside diameto*, positioning the second tubular member 
inade the first tubular memibarin overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular memt>er 
to a flurd outside diameter, and plastically deforming and radially ^cpandirkg the second 
tubular member to a fburtii outside diameter. Tho inside diameters of the first and second 

15 tubular members after the plastic defbnnations and ludial expansions are substantially 
equal, and wherein the ratio of the origmal outside diameter OD^ of the first tubular 
monber to the original wall thickness ^ of the fii^t tubular member is greater dian or equal 
to 16. 

An apparatus has also been described that includes a plastically deformed and 
20 radially eoqNmded tubuI&T member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the original 
outside diameter ODq of the first tubular member to the origmal wall thickness t^ of the 
first tubular member is greater than or equal to 16. 

An apparatus has also been described that includes a plastically deformed and 
25 radaQy expanded first tubular member havii^ a first portion having a first outside 
dtameter and a lemaining portion having a second outside diameter, and a plastically 
defittmed and iBdlally expanded second tubular member ooiq>led to the first portion of the 
first tubular member. The ratio of the original outside diameter OD^ of the first mbular 
nieDd}er to the origina] wall thickness tg of the first tubular member is greater than or equal 
30 to 16. In a preferred embodimBat, the rruidediameteraofthe first arid second tubular 
memibers are substantially cquaL 
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A wellbore casing formed in a wellbore has also been described that includes e 
plastiodlly deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
coupled to the first portion of the first tubular mmber. The ratio of the original 
outside diameter ODo of the first tubular member to the original wall thickness to of the 
first tubular member is greater than or equal to 16. In a preferred emboifiment, the 
inside diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter ODo of the tubular member to the original wall thickness to of the 
tubular member is greater than or equal to 16. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings^ pipelines, and 
structural supports. 

Although this detailed description has sho^ and described illustrative 
embodiments of the invention, this description contemplates, a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
Accordingly, it is appropriate that readers should construe the appended claims 
broadly, and in a manner consistent with the scope of the invention. 

Throughout this specification and the claims which follow, unless the context 
requires otherwise, the word ^'comprise**, and variations such as "comprises" and 
**comprising'\ will be understood to imply the inclusion of a stated integer or step or 
group of integers or steps but not the exclusion of any other integer or step or group of 
integers or steps. 

The reference to any prior art in this specification is not, and should not be 
taken as, an acknowledgment or any fonn of suggestion that that prior art forms part of 
the common general knowledge in Australia. 
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THE CLAIMS DEFINING THE INVENTION ARB AS FOLLOWS: 

1 . An apparatus for plastically defoxming and radially expanding a tubular member, 

comprising: 

means for plastically defonning and radially expanding a first portion of the tubular 
member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameten 

wherein the means for plastically deforming and ladially expanding the first portion 
of the tubular member to the first outside diameter is frangible. 

2. An apparatus for plastically deforming and radially expanding a tubular member^ 
comprising: 

means for plastically deforming and radially expanding a fust portion of the tubular 
member to a first outside diameter; and 

means for plastically defomiing and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is elastic. 

3. An ai^amtus for plastically defomiing and radially expanding a tubular member, 
comprising: 

means for plastically defonning and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically defomiing and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is inflatable. 

4. An apparatus for plastically defomiing and radially expanding a tubular member, 

comprising: 
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means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter includes rolling means for applying 
ladial pressure to the first portion of the tubular member. 

3. An apparatus for plastically deforming and radially expanding a tubular mcmberp 
comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and 

a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

6. The apparatus of claim 5, wherein the conical sleeve is firangible. 

7. The apparatus of claim wherein the conical sleeve is elastic. 

8. The apparatus of claim 3, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

9. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically defomiing and radially expanding a portion of the tubular member to a 
first outside diameter; and 
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^ plastically defoming and radially expanding another portion of the tubular member 

Q to a second outside diameter; 

vo wherein plastically deforming and radially expanding the portion of the tubular 

member comprises: 

^ S applying a radial force to the portion of the tubular member using a conical sleeve. 

O 

00 

^ 1 0. The method of claim 9, ivherein the conical sfeeve is frangible. 

CN 

o 

O 11. The method of claim 9, wherein the conical sleeve is elastic. 

10 

12. The method of claim 9, wherein the conical sleeve comprises a plurality of arcuate 
elements. 



13. A method of plastically deforming and radially expanding a tubular member, 
IS comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter. 
20 wherein plastically deforming and radially expanding the portion of the tubular 

member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

25 1 4. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
30 to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
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member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

15. A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically defomting and mdially expanding the second titular member to a third 
outside diameter; and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the first and second tubular members after the plastic deformations and 
radial expansions define a passage having a constant cross sectional area* 

16. The method of claim 1 5, wherein the first outside diameter is greater than the 
second outside diameter. 

17. The method of claim 15, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

18. The method of claim 17, wherein the conical sleeve is frangible. 

19. The method of claim 17, wherein the conical deeve is clastic. 

20. . The method of claim 17, wherein the conical sleeve comprises a plurality of arcuate 
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^ elements. 
O 
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^ 21. The method of claim t S, therein plastically dcfonn ing and radially expanding the 

first portion of the first tubular member comprises: 

^ S applying a radial force to the first portion of the first tubular member using an 

^ inflatable bladder. 



22. The method of claim I S, ^vherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

10 applying a radial force to the first portion of the first tubular member using a roller 

expansion device. 

23. An apparatus for coi4)ling a first tubular member to a second tubular memberi 
comprising: 

1 5 means for plastically deforming and radially expanding a first portion of the 

first tubular member to a first outside diameter^ 

means for plastically defonning and radially expanding another portion of 
the first tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular 
20 member in overlapping relation to the first portion of the first tubular member; 

means for plastically deforming and radially expandixig the second tubular 
member to a third outside diameter; and 

means for plastically defonning and radially expanding the second tubular 
member to a fourth outside diameter; 
25 wherein the first and second tubular members after the plastic deformations 

and radial expansions defme a passage having a constant cross sectional area. 

24. The apparatus of claim 23, wherein the first outside diameter is greater than the 
second outside diameter. 

30 

25. The apparatus of claim 23» wherein the means for plastically deforming and 
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radially expanding the fnst portion of the first tubular member comprises: 



Q means for applying a radial force to the portion of the tubular member using a 

\0 conical sleeve. 

O 

P<l S 26. The apparatus ofclaim 23, wheiein the conical sleeve is frangible. 

O 
00 

^ 27. The apparatus of claim 25, wherein the conical sleeve is elastic. 

CM 



28. The apparatus of claim 25, wherein the conical sleeve comprises a plurality of 
10 aKiiate elements. 

29. The apparatus of claim 23, wherein the means for plastically defonning and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of to the first tubular member 
I S using an inflatable bladder. 

30. The apparatus of claim 23, wherein the means for plastically defonning and 
radially expanding the first portion of the first tubular member comprises; 

means for applying a radial force to the Hrst portion of the first tubular 
20 member using a roller expansion device. 



31. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
25 member to a first outside diameter^ and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is frangible. 

30 

32. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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means for supporting a tubular member within the wellbore; 

mrans for plastically deforming and radially expanding a first portion of the tubular 
member to a fint outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
5 tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is elastic. 

33. An apparatus for forming a wellbore casing within a wellbore, comprising: 
10 mwts for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 
1 5 wherein the means for plastically deforming and radially expanding the first portion 

of the tubular member to the first outside diameter is inflatable. 

34. An apparatus for forming a wellbore casing within a wellbore, comprising: 
. means for supporting a tubular member within the wellbore; 

20 means for plastically deforming and radially expanding a first portion of the tubular 

member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein die means for plastically deforming and radially expanding the first portion 
25 of the tubular member to the first outside diameter comprises rolling means for applying 
radial pressure to the first portion of the tubular member. 

35. An apparatus for forming a wellbore casing within a wellbore, comprising: 
B tubular support member including a first fiuid passage; 

30 an expansion cone coupled to the tubular support member having a second fluid 

passage fiiudicly coupled to the first fluid passage end an outer conical surface; 
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a removable annular conical sleeve coupled to the outer conical surface of the 
Q expansion cone; 

^ an annular expansion coik launcher coupled to the conical sleeve and a lov/er 

portion of the tubular member; and 
S a shoe having a valveable passage coupled to an end of the expansion cone 

§ launcher. 



36. The apparatus of claim 35, wherein the conical sleeve is frangible. 

10 37. The apparatus of claim 3S, wherein the conical sleeve is elastic. 

38. The apparatus of claim 35, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

15 39. A method of forming a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter; and 

plBsttcally deforming and radially expanding another portion of the tubular member 
20 10 a second outside diameter, 

wherein plastically defonning and radially expanding the portion of the tubular 
member comprises: 

applying a mdial force to the portion of the tubular member using a conical 

sleeve. 

25 

40, The method of claim 39, wherein the conical sleeve is frangible. 

4 1 , The method of claim 39, wherein the conical sleeve is elastic. 

30 42. The method of claim 39. wherein the conical sleeve comprises a plurality of arcuate 
elements. 
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43 . A method of forming a wellbore casing within a wellbore, comprising: 
supporting atubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 
$ first outside diameter, and 

plastically deforming and mdially expanding another portion of the tubular member 
to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
member comprises: 

1 0 applying a radial force to the portion of the tubular member using an inflatable 

bladder. 

44. A method of fomiing a wellbore casing Avithin a Avellbore, comprising: 
supporting a tubular member within a wellbore; 

1 5 plastically dcfonning and radially expanding a portion of the tubular member to a 

fust outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter; 

wherein plastically deforming and radially expanding the portion of the tubular 
20 member comprises : 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

45. A method of forming a mono-diameter wellbore casing within a wellbore, 
25 comprising; 

supporting a first tabular member within the wellbore; 
plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 
30 . member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
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overlapping relation to the radially expanded first portion of the first tubular member; 

plastically defonnuig and radially expanding the second tubular member to a third 
outside diameter; and 

plastically defonning and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the first and second tubular members alter the plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

46. The method of claim 45, wherein (he first outside diameter is greater than the 
second outside diameter. 

47. The method of claim 45, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

48. The method of claim 47, wherein the conical sleeve is frangible. 

49. The method of claim 47, wherein the conical sleeve is elastic. 

50. The method of claim 47, wherein the conical sleeve comprises a plurality of arcuate 
elements. 

5 1 . The method of claim 45, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

52. The method of claim 45, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a roller 
expansion device. 
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53. The method of claim 45, further comprising: 

injecting an annular body of a hardenablc fluidic sealing material into an annulus 
between the first tubular member and the wellbore. 

5 

54. The method of claim 45, Airther comprising: 

injecting an annular body of a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

10 55. The method of claim S3 or 54, further comprising: 

curing the annular body of hardenable fluidic scaling material. 

56. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

15 means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular member in 
20 overlapping relation to the radially expanded first portion of the first tubular member; 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter; 
25 wherein the first and second tubular members after the plastic deformations and 

ladial expansions define a passage having a constant cross sectional area. 

57. The apparatus of claim 56, wherein the first outside diameter is greater than the 
second outside diameter. 

30 
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58. The apparatus of claim S6, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

59. The apparatus of claim 58, wherein the conical sleeve is frangible. 

60. The apparatus of claim 58, wherein the conical sleeve is elastic. 

61. Tte apparatus of claim 58, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

62. The apparatus of claim 56, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comfnrises: 

means for applying a radial force to the first portion of the first tubular member 
using an Inflatable bladder. 

63. The apparatus of claim 56, wherein the means for plastically deforming and 
radially expanding the first portion of Ihe first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 

64. The apparatus of claim 56, ftirther comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 

65. The apparatus of claim 56, further comprising: 

means for injecting an annular body of a hardenable fluidic seating material into an 
annulus between the second tubular member and the wellbore. 

66. The apparatus of claim 64 or 65, further comprising: 
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means for curing the annular body of hardenable fluidic sealing material. 

67. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member. 

68. An apparatus for plastically defonning and radially expanding a tubular member, 
comjMrising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical sur&ce; 

an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 

a second annular portion coupled to the first annular portion that mates with the 
outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first outside 
diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter; 

vyhcrein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveablc passage coupled to fourth annular portion of the 
expansion cone launcher. 

69. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member; and 
plastically defonning and radially expanding another portion of the tubular 
member. 
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70. A method of coupling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the fust tubular 
member; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 

plastically deforming and radially expanding tha second tubiUar member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

71 . An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular member; 
means for plastically deforming and radially expanding another portion of the first 
tubular member; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular memben and 

means for plastically deforming and radially expanding the second tubular memben 
v^icrein the inside diameteis of the first and second tubular members after the 
plasdc deformations and radial expansions are substantially equal. 

72. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for providing a lipped portion in the tubular member; and 
means for pkstically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

73. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member includmg a first fluid passage; 
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an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface; 

an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 
S a second annular portion coupled to the first annular portion that mates with the 

outer conical surfiEice of the expansion cone; 

a third annular portion coupled to the second annular portion having a first outside 
diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
10 outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fouith aimular portion of the 
expansion cone launcher. 

1 5 74. A method of forming a wellbore casing in a wellbore^ comprising: 
supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubular member, and 
plastically defonning and radially expanding another portion of the tubular 
member. 

20 

75. The method of claim 74, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the tubular 
member and the wellbore. 

25 76. The method of claim 75, further comprising: 
curing the fluidic sealing material. 

77. A method of forming a mono-diameter wellbore casing within a wellbore^ 
comprising: 

30 supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member; 
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plastically deforming and radially expanding another portion of the first tubular 



Q member; 

^ positioning the second tubular member Inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 

^ 3 plastically defonning and radially expanding the second tubular member; 

^ wherein the inside diameters of the first and second tubular members aAer the 

plastic deformadons and radial expansions are substantially equal. 



78. The method of claim 77, further comprising: 

10 injecting a hardenabie fluidic sealing material in an atuuilus between the first 

tubular member and the wellbore. 

79. The method of claim 77, further comprising: 

injecting a hardenabie fluidic sealing material in an annulus between the second 
15 tubular member and the wellbore. 

30. The method of claim 78 or 79, further comprising: 
. curing the fluidic sealing material. 

20 81. An apparatus for formmg a mono^diamcter wellbore casing within a wellbore, 
comprising; 

means for providing q lipped portion in the first tubular member; 
means for plastically deforming and radially expanding another portion of the first 
tubular member; 

23 means for positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 

means for plastically deforming and radially expanding the second tubular member 
wherein the Inside diameters of the first and second tubular membeis after the 
plastic deformations and radial expansions are substantially equal. 



30 



82. The apparatus of claim 81 , further comprising: 
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means for injecting a hardenable fluidic sealing material in an annuius between the 
first tubular member and the wellbore. 

B3. The ^paratus of claim 8 1 , further comprising: 

means for injecting a hardenable fluidic sealing material in an annuius between the 
second tubular member and the wellbore. 

84. The apparatus of claim 82 or 83, further comprising: 
means for curing die fluidic sealing material. 

85. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface of 
the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 
launcher; 

a shoe coupled lo another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support member; 
wherein the aniuilar expansion cones are positioned in opposite orientations. 

86. The apparatus of claim 85, herein the annular expansion cone is adapted to 
plastically defom and radially expand a first &id of the expandable tubular membei and 
the other annular expansion cone is adapted to plastically deform and radially expand a 
second end of (he expandable tubular member. 

87. The apparatus of claim 85, further comprising: 
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an anchoring member coupled to the tubular support member adapted to hold the 
expandable tubular. 

88. An apparatus for foiming a wellbore casing within a wellbore, comprising: 
8 tubular support member Including a first passage; 

an expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface of 
Ihe expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 
launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support member, 
wherein the annular expansion cones are positioned in opposite orientations* 

89. The apparatus of claim 88» wherein the annular expansion cone is adapted to 
plastically deform and radially expand a firsi end of the expandable tubular member and 
the other annular expansion cone is adapted to plastically deform and radially expand a 

20 second end of the expandable tubular member. 

90. The apparatus of claim 88, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold the 
expandable tubular. 

25 

91. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for suppoiting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings; 
30 means for plastically deforming and radially expanding the tubular member; and 
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means for plastically defoiming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

92. A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore^ comprising: 

supporting a tubular member in overlapping relation to the opposing ends of the 
wellbore casings; 

plastically deforming and radially expanding the tubular member; and 
plastically deforaiing and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

93» A method of forming a structure having desired strength characteristics^ 
comprising: 

providing a first tubular member; and 

plastically deforming and radially expanding additional tubular members onto the 
interior surface of the fust tubular member until the desnred strength characteristics are 
achieved, 

94. A method of forming a wellbore casing within a wellbore having desired strength 
characteristics, comprising: 

plastically deforaiing and radially expanding a first tubular member within the 
wellbore; and 

plastically deforming and radially expanding additional tubular members onto the 
interior surface of the first tubular member until the desired strength characteristics are 
achieved. 

95. A method of coupling a first tubular member to a second tubular niember, the first 
tubular member having an original outside diameter OTh and an original wall thickness to, 
comprising; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 
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plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically defomiing and radially expanding the second tubular member to a third 
outside diameter; and 

plastically defomiing and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODq of the first tubular member 
to the original wall thickness to of the first tubular member Is greater than or equal to 16. 

96. A method of fomiing a mono-diameter wellbore casing, comprising: 
I S positioning a first tubular member within a wellbore, the first tubular member 

having an original outside diameter ODo and an original wall thiduiess to; 

plastically defbraiing and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 
20 member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overiapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter; and 

25 plastically defomaing and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions arc substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular member 
30 to the original wall thickness to of the first tubular member is greater than or equal to 16. 
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97. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member having a first poitian 
having a first outside diameter and a remaining portion having a second outside diameter; 
vi^herein the ratio of the original outside diameter ODo of the first tubular member 
S 10 the original wall thickness to of the first tubular member is greater than or equal to 1 6. 

98. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
10 diameter; and 

a plastically deformed and radially expanded second tubular member coupled to the 
first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original wll thickness to of the first tubular member is greater than or equal to 16. 

15 

99. The apparatus of claim 98, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

1 00. A wellbore casing formed in a wellbore, comprising: 

20 a plastically deformed and radially expanded first tubular member having a first 

poition having a first outside diameter and a remaining portion having a second outside 
diameter; and 

a plastically deformed and radially expanded second tubular member coupled to the 
flrst portion of the first tubular member, 
25 wherein the ratio of the original outside diameter ODo of the first tubular member 

to the original v^all thickness to of the first tubular member is greater than or equal to 16. 

101. The casing of claim 100, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

30 

1 02. An apparatus, comprising: 
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a plastically deformed and radially expanded tubular member; 
wherein the ratio of the original outside diameter ODo of the tubular member to the 
original wall thickness to of the tubular member is greater than or equal to 1 6. 

1 03. An apparatus for plastically deforming and radially expanding a tubular member^ 
comprising: 

means for coupling a first expansion cone to a second expansion cone; 
means for plastically defonning and radially expanding a first portion of the tubular 
member to a first outside diameter using the furst and second expansion cones; 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diameter using the second expansion cone; and 

means for decoupling the first and second expansion cones prior to plastically 
deforming and radially expanding the second portion of the tubular member to the second 
outside diameter; 

wherein the first outside diameter is greater than the second outside diameter* 

104. A method of plastically deforming and radially expanding a tubular member^ 
comprising: 

plastically defonning and radially expanding a portion of the tubular member to a 
20 first outside diameter using a first expansion cone coupled to a second expansion cone; 
decoupling the first and second expansion cones; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter using the second expansion cone; 

wherein the first outsicte diameter is greater tiian the second outside diameter. 

25 

1 05. A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
member to a furst outside diameter using a first expansion cone coupled to a second 
30 expansion cone; 

decoupling the first and second expansion cones; 
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plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically defonning and radially expanding the second tubular member to a third 
outside diameter; and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

M^ierein the fiist outside diameter is greater than tKe second outside diameter; and 
>\^ierein the inside diameters of the flm and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

1 06. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

1 5 means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decoupling the first expansion cone from the second expansion cone; 

means for plastically deforming and radially expanding another portion of the first 
20 tubular member to a second outside diameter using the second expansion cone; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter; and 
25 means for plastically deforming and radially expanding the second tubular member 

to a fourth outside diameter; 

wherein the first outside diameter is greater than the second outside diameter; and 

wherein the inside diameten of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

30 

107. An apparahis for forming a wellbore casing within a wellbore, compnsing: 
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means for supporting a tubular member within the wcllbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decoupling the first and second expansion cones; and 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than die second outside diameter. 

1 08. A method of forming a wcllbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
decoupling the fixst and second expansion cones; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter using the second expansion cone; 

wheiein the first outside diameter is greater than the second outside diameter 

109. A method of forming a mono-diameter wellbore easing within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

decoupling the first and second expansion cones; 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter; and 
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plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the first outside diameter is greater than the second outside diameter; and 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

1 1 0. Apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter using a first expansion cone coupled lo a second 
expansion cone; 

means for decoupling the first and second expansion cones; 

means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter using the second expansion cone; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter; 

wherein the first outside diameter is greater than the second outside diameter; and 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

1 1 1. Apparatus for plastically defonning and radially expanding and/or for coupling, 
substantially as herein described with reference to the accompanying drawings. 
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1 12. A method for plastically defoiming and radially expanding and/or for coupling, 
substantially as herein described with reference to the accompanying drawings. 

DATED this 5^ day of October, 2005 

Shell Internationale Research MaatschapplJ B,V. 

By DA VIES COLUSON CAVE 

Patent Attorneys fix the Applicant 
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